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1.0 INTRODUCTION

\
L
Yl
" Program SOM-TA (Seat/Occupant Model - Transport Aircraft) combines a lumped E
o parameter model of aircraft passengers with a finite element model of the seat k
o structure. Its intent is to aid in the evaluation of the performance of air- N
5 craft seat and restraint systems in crash environments. Because the program E
N has been written for use primarily by engineers concerned with the design and N\
H analysis of seats and restraint systems, an effort has been made to minimize X
T the input required to describe the occupants. The program allows simulation ‘
X of one, two, or three passengers, of the same or different sizes. Character- )
" istics of two standard occupants, one dummy and one human, are included within «
) the program, and an option is provided to simulate other occupants by provid- .
Ej ing additional input data. The structural model includes beam elements and .
i has a maximum capacity of approximately 450 degrees of freedom, as determined g
o by array dimensions within the program. The beam elements can accommodate P
! large plastic deformations and include the capability for cross-section reduc-
¢ tion due to local instabilities. As an option to reduce both modeling com-
4: plexity and execution costs for cases where only the restraint system or cock-

pit configuration is of concern, or for cases where the details of the seat
design may not yet be known, 4 rigid seat model, in which seat pan and back
planesb?efined by input are maintained in fixed positions in the aircraft, is
available.

The following sections of this report present instructions necessary for the
use of Program SOM-TA and information to enable the user to operate the pro-
gram most efficiently.

- o o w e e e @ T T,

Sections 2.0 and 3.0 describe program input and output, respectively, including
options available to the user. Section 4.0 outlines an efficient procedure

for development of a mathematical model. Section 5.0 then provides detailed
descriptions of the sample input case. Appendix A defines all input variables,
line by line. Appendix B provides examples of material properties and occupant ‘
characteristics required as input data. Appendix C displays the complete set

) of output data for the input listed in Section 5.0 and Appendix A. Appendix D

e, describes program organization and the functions of all subroutines.




2,0 PROGRAM INPUT DATA

Input data are read by Program SOM-TA in the following six blocks:
1. Simulation and output control information.
2. Lushion properties.
3.  Restraint system description.
4. Crash conditions.
5.  Occupant description.
6. Seat design information,

All input data, except those pertaining to the seat (Block 6), are read by sub-
routine INPT; the seat data are read by subroutines SEATIN and READIN.

The coordinate system that is fixed to the aircraft at the floor has the fol-
Towing positive directions:

X - Forward
Y - Left
Z - Upward

The basic input data deck consists of a minimum of 44 lines of data for execu-
tion of Progran SOM-TA with three passengers. These are described in detail
in Appendix A. The basic case makes use of a rigid seat model, specified by
NSEAT = 0 on line 1. Modeling an actual seat with the finite element analysis
would change lines 43 and 44, and require a number of additional lines. Re-
questing the storage of plot data on external files, unit 14 for the occupant
and unit 20 for the seat, by setting NOPLOT > O or NSPLOT > O on line 3, re-
quires additional lines following 1ine 3. Modeling nonstandard occupant(s)
requires an additional 12 data lines for each occupant, after line 41.

The following sections of this chapter present descriptions of each of the six
input data blocks, including more detailed definitions of the above options.
Line-by~line descriptions of input data are presented in Appendix A,

2.1 SIMULATION AND QUTPUT CONTROL INFORMATION

2.1.1 Systems of Units. The NUNIT parameter on line 2 permits the user to
specify either the ST or English system of units for both input and output data.
English units are presented throughout the input instructions in this report
and are used in the sample input cases. In the SI system of units, all lengths
are specified in meters, masses in kiiograms, and forces or weights in newtons.

2.1.2 Seat Options, The NSEAT parameter on line 2 allows the user to select

either a rigid seat model or a finite element seat model. The rigid seat model
consists of two planes that represent the seat pan and seat back. The positions
of these planes are specified by the X and Z coordinates of their intersection
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(a Jateral line) and two angles which specify their positions relative to hori-
zontal and vertical planes, respectively. The length of the seat pan and the
height of the seat back are used to determine the limits of the surfaces within
which the seat pan and back can apply forces to the occupant. Cushions, of
input-specified thicknesses, are included on top of the seat pan and seat back
surfaces.

The type of seat (single-, double~, or triple-occupant) is specified on line 2,
along with identification of the positions that are occupied. Seat row pitch,
used in plotting, is also specified in line 2.

2.1.3 Occupant Degrees of Freedom. The NDIM parameter on line 2 permits selec-
tion of either two- (NDIM =72} or three-dimensional (NDIM = 3) occupant response.
The three-dimensional occupant model consists of 12 rigid segments, illustrated
in figure 1, with rotational springs and dampers at the joints. Each of the
torso joints possesses three rotational degrees of freedom, or, in other words,
is a ball-and-socket type joint. Because of the hinge-type motion at elbow

and knee joints, the position of a forearm or lower leg relative to an upper

arm or thigh, respectively, is described by one additional angular coordinate.

In total, this occupant model possesses 29 degrees of freedom.

The two-dimensional occupant model, specified by NDIM = 2 on line 2, consists

of 11 segments, as shown in figure 2. Beam elements in the torso and neck are
capable of flexural and axial deformation. Although restricted to two-dimensional
response, this occupant option does permit more direct evaluation of accident
severity by output of forces and moments in the spine and neck. Restraint sys-
tem forces on the ellipsoidal contact surfaces are computed three-dimensionally,
but only the X- and Z-components are used. Therefore, the two-dimensional model
should be reserved for cases in which both the impact conditions and the restraint
system are symmetrical,

2.1.4 Qutput Control Data. Ten blocks of program output can be selected on
line 3.7 The data inclTude time histories of the following variables, which are
stored during soluticn at predetermined print intervals:

1. Occupant segment positions (X. Y, Z, pitch and roll).*

2. Occupant segment velocities (X, Y, and Z).

3. Occupant segment accelerations (x, y, z, and resultants).*
4. Restraint system loads.

5. Cushion loads.

6. Aircraft displacement, velocity, and acceleration.

7. Injury criteria, including spinal forces and moments.

8. Details of contact between the occupants and the seat in front of
them,

¥Upper case X, v, Z refer to inertial or aircraft-fixed coordinate system; lower
case x, ¥y, 2z refer to segment-fixed coordinates.
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Figure 1. Twelve-segment (three-dimensional) occupant model, ;
7
9,  Seat structure nodal forces. %ﬁ
5 d
10, Seat structure element stresses. A &
, ' i
Printer plots are provided for occupant segment accelerations, restraint system _f‘,;'_;‘}‘_
Toads, and cushion loads. The option of two different filters is also provided x.f.-.j-
for the occupant seguent accelerations and cushion loads, The particular occu- s
pant for which output data are displayed is specitied in line 2. . 2_\f
If plots are requested for the occupant and/or seat on line 3, then additional -
lines must be included to specify plot times (up to eight) and viewing angles, ;.::{‘:-3
As explained in the line-by-line input data descriptions, if plots are requested, AN,
the job control language must define external files 14 and 20 to be saved.
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Figure 2. Eleven-segment (two-dimensional) occupant model.

Program output data are described further in Chanter 3.

2.1.5 Solution Control Data. The occupant model utilizes an Adans-HMoulton
predictor-corrector solution procedure with a variable time step. Data on line 4
control the step size and error bounds for the solution.

At every solution step, the system central processor time is checked and conpared
with the TMAX parameter on line 4, Allowing time for output, the solution will
be terminated once system time reaches TMAX, whether or not the final solution
time, TF, has been reached., Therefore, the permitted execution time in the

job control language should be at least TMAX seconds, in order to ensure that
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the solution is terminated in time to permit printing of the output already
computed and stored.

2.2 SECONDARY IMPACT QPTION

pry
p'—:
o &

\"I;",
%
LY
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If secondary impact information is desired, it can be specified by input of
[IOUT(4) on 1ine 3.

2.3 CUSHIUN PROPERTIES

Pal =

Seat cushion forces applied to the occupant model are calculated from cushion i}}
deflections based on an exponential relationship: o,
s

4

F=c(eB - (1) S

iR

AR

Lines 5 and 6, and 7A if a headrest is included on the seat, require input of }3:
the C and B coefficients for this equativn, alony with damping coefficients "2

o 3

x.x & £

and thicknesses. The force-deflection relationship for the seat cushion also
includes compliance of the occupant buttock<., Therefore, the relationship for
an occupant sitting directly on a hard seal pan would be the faorce~deflection

% ox 0w e

o curve for the occupant buttocks. Several sample force-deflection curves with Lo
o5 their appropriate coefficients are provided in Appendix B. ;;‘
X ey
ke 2.4 RESTRAINT SYSTEM DESCRIPTION e
) AR
[ \ ,."(';u‘ o,

Several restraint system configurations are available in SOM-TA: lap belt only,
lap with diagonal shoulder belt over either shoulder, and double shoulder belt. .
X As specified on line 7, both the lap belt and shoulder harness can be attached R
. to either the airframe or the seat. -

l~
A The ferce-deflection characteristics of the restraint system webbing are provided )
' by input of tables of forces and strains. Properties of representative webbing i&i
10 samples are included in Appendix 8. ol
K, A
o For a seat with a shoulder harness in which an inertia reel is mountec on the :;;
- seat back and a length of inertia reel strap is passed along the seat back to N
" a slot above the occupant shoulders, the XTRAL parameter on lines 11B, 11C, Vs
';j and 110 defines the length of the shoulder strap behind the seat back. njﬁ
:k 2.5 CRASH CONDITIONS i
i} '..‘:.1
'&. Six components of the acceleration of the aircraft coordinate system are provided o
) on lines 12 through 35: X, Y, I, yaw, pitch, and rol.. All of these lines \
must be included, even if blank. For each acceleration component, two lines EM
" are included to allow up to 16 points on an acceleration-time history, and the E2§
"E subsequent two lines provide the corresponding points in time. Acceleration e
b3 components are directed in the aircraft-fixed coordinate system. oy
b £
5 2.6 OCCUPANT DESCRIPTION %)
K The IMAN parameter on line 38 identifies the type of occupant being simulated. T
E Initial positions for the three passengers are specified by data on lines 39
6 Lot
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through 41. Data for the standard occupants, a 50th-percentile U.S. male and

a 50th-percentile (Part 572) anthropomorphic dummy, are included within the
program. For nonstandard occupants, additional data may be provided (for each
occupant) following line 41 to define segment lengths, center of mass locations,
weights, moments of inertia, contact surface radii, properties for the spine

and neck, and compliances for the chest and abdomen under restraint system load-
ing. Examples of these data are included in Appendix B.

The angular orientations of the torso, head, and arm segments are provided as
input on lines 39 through 41, along with the X-coordinate of the heels. Sta-
tic equilibrium is then used to seat the occupant in the cushions.

2.7 SEAT DESIGN INFORMATION

2.7.1 Rigid Seat Option. For cases where the details of seat response are

not important or not worth the greater execution costs that would be incurred

by the use of the finite element structural model, a rigid seat option is pro-
vided. Plane surfaces representing the seat pan and seat back support the cush-

ions and remain fixed in the aircraft coordinate system, except where the energy-

absorbing option is used.

2.7.2 Simplified Eneryy-Absorbing Seat Option. If the SEATM parameter on

Tine 43 is greater than 0, a simplified, two-degree-of-freedom seat model is
used. Intended for use in simulation of a guided energy-absorbing seat, this
model permits the stroking of a rigid seat bucket in a prescribed direction.
Because elastic bending of the supporting frame has been observed in testing

of such seats and may influence occupant response, the second degree of freedom
1s added to simulate rotational elasticity of the frame.

Although the finite element analysis can provide a complete evaluation of a
seat's crashworthy performance, the simple stroking seat model can prove useful
in other aspects of seat design. For example, the two-degree-of-freedom model
can aid in economically estimating the optimum energy absorber 1imit load for
protection of occupants of various size, as well as in evaluating alternative
restraint system configurations.

Input data for this seat nodel include the weight of the movable part of the
seat, the direction along which it will stroke, the movement of inertia with
respect to a lateral axis, force~deflection characteristics, and unloading
slopes.

2,7.3 Finite Element Structural Analysis. The finite element seat model con-
tained in Program SOM-TA uses beam elements. The beam elements can accommo-
date large, plastic deformations and localized buckling of elements with hollow
cross sections. The program has a capacity for 150 nodes and 450 degrees of
freedom. However, a more severe restriction is placed on the size, N, of the
master stiffness matrix, given by:

N = MEQ + MUD * (2 * MEQ - MUD - 1)/2 (2)
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where MUD 1s the lenyth of the maximum upper diagonal of the banded stiffness
matrix ygiven by:

MUD = 6 % (J + 1) -1 (3)

MEQ equals the total number of degrees of freedom and J equals the maximum dif-
ference between node numbers across elements in the model, as illustrated in
section 4.0.

As determined by array dimensions in Program SOM-TA, the quantity N is limited
to 23,750.

The finite element seat model in SOM-TA uses an unconditionally stable solution
algoritha,  However, stability does not necessarily imply convergence to the
corsect Sotution, and solution accuracy will depend on the size of the time
step, 4 smalier Lime step yielding more accurate results. Because the seat
step size is governed by that for the occupant model, reducing DMAX and DMIN

on line 4 will produce a more accurate solution. However, little improvement
can be expected in reducing tne seat step size below that normally required

for stebility in the occupant solution,

S LR ARKEII . AFPMPI e AR S LS

s -
D g
e

'

e 4
LN

™

Material properties, including a three-slope approximation to the stress-strain
curve, dare provided on lines 45-47, which must be repeated for each material
used. (The number of materials is specified as NUMMAT on line 43.) To assist
in input of material properties, summaries of input data for metals typically
used In seat frames are presented in Appendix B,

L2

g

Beam cruss sections can be either open or closed, but a plastic problem requires
a closed cross section to generate all the terms required by the tangent stiff-
ness wabrix.  If plastic defermation of an open "I" is anticipated, the cross

4 seelien can be modeted as a closed "box" beam, which is equivalent for one hend-
oy ing direwiion, provided that the erroneous properties for other bending direc-
tions can be tulerated.

3 o o

=

-, S
v, AW,
' e duliD S parameter on line 43 specifies the number of nodes that are attached ;{fi
& to the eircraflt structure. Then, floor attachment conditions are specified on A
L’ Tine 55, vne of which must be inserted for each of the NUMDIS nodes. Element ;?3
b-{ crosu-seclions are described by data on lines 48 and 49, which must be repeated vl
o ‘or each cross-section, the number of which is specified by NSECT on line 43. e
N Nodal coordinates are provided on line 50, which is repeated for each node in L
~ the medel (NNUDL on line 43) and for each beam pointer node (NCOORD on line 43). vy,
K™, As illustrated in Appendix A, the pointer node is required to specify the initial -b.f
- orientation of the y-axis of a beam cross section. A real node can be used as iﬁi
a pointer node, or (NCOORD) additiondl nodes can be added solely to serve as -

A pointers. Ll
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3.0 PROGRAM OUTPUT DATA

:igﬁf

Program SOM-TA output data are available from the following four sources:
1. Printer (unit 6)
2. Occupant position plots (unit 14)
3.  Seat structure plots {unit 20)
4, Plots of other data (unit 26)

which are described further in the following sections,

L X oA AR St N SSMRPI Y. - f - bt s . e

3.1 PRINTED QUTPUT

o £ 5

Printed data can be selected from the ten blocks listed in section 2.1.4., The
interval at which these data are printed is selected in subroutine INPT, based
on the total solution time. The interval is sized to provide a maximum of 51
lines for each variable., For example, a solution time between 0.100 and

0.150 sec results in a print interval of 0.003 sec, a solution time between
0.250 and 0.300 sec, an interval of 0.006 sec, etc.

.

R

Accelerations, severity indices, vertebral forces and moments, and restraint
system forces are printed in tabular and graphical formats. Other data are
provided in tabular form only. Acceleration output data are computed each
0.001 sec, equivalent to a 1 KHz sampling rate. Input line 3 provides the op-
tion of applying Class 180 (300 Hz) or Class 60 (100 Hz) filter to the data oy

A prior to their printing. :&g
W

3.2 O0CCUPANT POSITION PLOTS “ig

A

If specified in input line 3, data for up to eight plots of occupant position, ig!

can De stored on external file 14. The times for these plots are defined on A

.t input line 3A. Viewing angles, illustrated in figure 3, are defined on line }:&
A 3B. The right-side view of figure 4 was obtained using an angle of zero de- 2N
N grees. The front view of figure 5 was obtained using an angle of 90 degrees. @t&
h lf‘__
The IOUT(4) parameter on line 3 can be used to draw the image of the seat in ]

front of that being modeled. A value of O causes no seat to be drawn. A value ?ﬁ:

of 1 or 2 respectively, produces a plot of the forward seat in its undeformed S

or deformed position and uses subroutine IMPACT for prediction of contact with e

the furward seat. The seat image is spaced according to the SPITCH parameter, ”ﬂg

-

The job control language used in executing SOM-TA must define external file 14
as a permanent file to be saved. The occupant plotting program can then be
executed using this same permanent file as input.

3.3 SEAT STRUCTURE PLOTS

Just as described in section 3.2 for occupant position, data for up to eight
plots of the seat structure can be requested on line 3. As shown in figure 6,
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Figure 3. Definition of plot viewing angle.

nodes are indicated and numbered, The viewer position for the seat structure
is defined by both elevation and azimuth angles, 6 and ¢, respectively, as
shown in figure 7. The view of figure 6 was obtained with 6 = 20 degrees and
$ = 45 degrees.

The job control language must save external file 20 as input to the seat plot-
ting progranm,

3.4 ADDITIONAL DATA FOR PLOTTING

Although the printer plots of accelerations and forces are probably satisfac-
tory output for most purposes, there may be cases where plots with a higher
lTevel of resolution are desired. Also, pen-drawn plots may be required for
use in reports. To reet these needs, 32 variables are written on external
file 26 at input-selected intervals. The input parameter DTPLT on line 3
specifies this interval in seconds, and is assumed to be 0.U01 sec if DTPLY
js lett olank, The data are written in either F10.3 or F10.5 format and are
arranged as illustrated in figure 8,
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.0000 SEC.
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.0000 SEC.
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PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT

TIME = 0.0000 SEC.
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4.0 INSTRUCTIONS FOR INPUT DATA PREPARATION

This chapter is intended to guide users of Program SOM-TA through an efficient
process of preparing input data. The recommended procedure is summarized in
table 1. It is suggested that, if time permits, the sample case described in
detail in chapter 5 be run initially in order to be certain that the program

runs properly on a particular computer system. Storage of plot data on permanent
files and subsequent access of these files using the related occupant and seat
plot programs should be attempted first with the sample case to assure that

the plotting programs are compatible with the computer system and that the job
control language is structured properly.

TABLE 1. SUMMARY OF INPUT DATA

1. On sketch of seat, locate aircraft f1.- ‘,nd coordinate system.

2. Locate restraint system anchor points.

3. Locate footrest and/or heel position (at Z = 0).

4. Estimate initial position angles for occupant upper torso, head, and arms.
5. Prepare input data for and run rigid seat case for short time.

Ah.  Plot occupant initial position and check whether it appears reasonable.

7. Ad seat structure input.

8. Run short case with complete input data.

9. Check plot of seat structure at initial time,

10. Run complete case.

The essential starting point for any simulation case is a sketch of the seat

of interest, on which the aircraft floor and aircraft coordinate axes can be
located. On this sketch the restraint system anchor points, which can be fixed
to either the seat or the aircraft structure, can be located, as can the position
of a footrest or pedal, if applicable. The required seat design data for a

rigid seat case, i.e., the locations and dimensions of the seat pan and back,

can then be determined. Both the seat cushion and back cushion are assumed to

be plane surfaces parallel to the seat pan and back surfaces. Using an average
cushion thickness in the area of contact between the occupant and the seat,

the cushion surfaces can now be added to the sketch,

Initial angular positions of the torso, head, and arm segments are required,

The torso segments can be assumed parallel to, or one or two degrees forward

of, the seat back. The position of the head, in a normal seated position, would
range from vertical to several degrees forward of vertical, as illustrated in
the section 5.0 sample case.
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In order to be certain that the occupant initial position is reasonable for

the configuration being studied, it is wise to run a short rigid seat case prior
to adding the seat structure input. Starting with a small value of final time,
TF, on line 4, such as 0.010 sec, the initial position and accelerations of

the occupant segments and the external forces can be checked prior to initi-
ating a more expensive case. The plot data saved on unit 14 by SOM-TA can then
be input to the occupant plot program and the initial position of all the occu-
pant segments reviewed. If the occupant's initial position, as calculated by
subroutine INITIL, is geometrically impossible, the program will be stopped

and informative messages printed. An example of this type of error, commonly
encountered in initially running a case, is in attempting to locate the heel
position beyond the reach of the legs. If the input parameters yield a geome-
trically feasible initial position and NOPLOT > 0 on 1ine 3 and TPLOT = Q on
Tine 3A, then data for a plot of the initial position will be stored.

Once the desired initial position has been achieved for the occupant, the input
data for the finite element seat structure model can be added. The NSEAT par-

ameter on 1ine 2 should then be changed from 0 to 1 to signify modeling a non-

rigid seat. OUnce again, prior to running a complete simulation, a case with a

s?a11 TF should be run in order to check the seat structure plot at the initial
time.

When it has been determined that both the occupant initial position and the
seat structure configuration are as desired, a complete simulation case can be
run. The user should take care that the TMAX parameter in decimal seconds on
line 4 corresponds to the time allotted for the run in the job control language
(which may be an octal number). Within the program, an allowance is made for
printing of the stored output data. Should the run be terminated at TMAX prior
to the solution reaching completion at TF, the output data already generated
will be printed, including the final generalized coordinates, which can be used
in restarting the solution.
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5.0 SAMPLE SIMULATION CASE

This section contains the description of input data for a sample simulation
case. A simple airline seat model with three occupants was used to illustrate
the capabilities of Program SOM-TA, including the preparation of input data
and output data available from the program.

A complete line-by-1ine input data 1isting is discussed in Section 5.1. Output
data are then discussed, and examples of plots presented, in Section 5.2, The
contents of Appendix A show explicit input requirements for this case.

5.1 SAMPLE CASE INPUT DATA (DETAILED LISTING IN APPENDIX A)

Line 1: Descriptive title.
Line 2: NUNIT = 1 for English units; NSEAT = 1 for finite element seat;

NDIM = 2 for two-dimensional simulation; NOCC = 3 for three occu-
pants to be simulated; ITYPE = 3 for a three-occupant seat type;
ISEAT (1) = 1, ISEAT (2) = 1 and ISEAT (3) = 1 to specify that
all seat positions are occupied; IPASS = 2 to specify that the
output data will be stored and printed for the center occupant.

Line 3: I0UT(1) = 1 and IQUT(2) =1 request segment position and velocity
- data; I0UT(3) = 2 requests occupant segment acceleration, fil-

tered with class 180 digital filter; I0UT(4) = 0 calls for no
secondary impact simulation; IOUT(5) = 1 requests restraint system
forces; 10UT(6) = 1 requests spinal loads and injury criteria;
I0UT(7) = 1 requests seat external forces filtered with a class
60 digital filter; IOUT(8) = 1, IOUT(9) = 1, and IOUT(10) = 1
request seat structure deflection, support reactions, and beam
Toads and stresses, respectively; NOPLOT = 8 for eight occupant-
position plots; NSPLOT = 8 for eight seat plots; DTPLT = 0.0005
determines the interval at which the data described in Section
3.4 are written in unit 26; TSEAT = 0.025 indicates the output
data print interval for the seat.

Line 3A: Occupant plot data to be stored at t = 0, 0.025, 0.050, 0.075,
0.100, 0.125, 0.150, and 0.175 sec.

Line 3B: Occupant plot data to be stored with viewing angle of O degrees
for all plots, i.e., right-side view.

Line 3C: Seat structure plot data to be stored for all plots with +20-
degrees elevation angle,

Line 3D: Seat structure plot data to be stored for all plots with +45-
degrees azimuth angle, i.e., viewed from left-front quarter.

Line 3E: Nodal output data requested for nodes 1 through 20. (See fig-
ure 9 for node designations)
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Line 3F: Beam loads and stress output data requested for elements 1 through
27 (See Figure 9 for beam element designations). ,

Line 4: THAX = 300 to allow up to 300 sec central processor time; DMAX
and DMIN set to 0.0005 sec for fixed-time step integration; in-
tegration error bonds, EUR, and ELR, set at 10 and 0.1 percent,
respectively; TI = 0 and TF = 0,176 sec; initial time step size,
DTI, 1s same as fixed step size (If DMAX is not the same as DMIN,
DTI should be set equal to DMIN).

Line 5: Combined seat bottom cushion and occupant buttackg force-
deflection relationship of the form F = 760 (e *”° = 1), as
shown in Figure 10; damping coefficient of 2.40 at zero load.
A cushion thickness of 1.5 in. was used.

Ye"n T2 L A R AT T A N RS, A R SR TR

Line

= RS,

o

Seat back cushion properties with same load-deflection curve as
pottom cushion,

- ¥

¥ b gl 3
Calgl Wl M

Line 7: IKSYS = 0 for lap-belt-only restraint system configuration;

ILPBELT = 1 for lap belt attached to the seat; IHRST =1 for
headrest.

i 9n

Line 7A: Headrest cushion properties with same load-deflection curve as
seat back and seat bottom cushions.

B e S ;.
AT

Line 8: Forces and strains for 2.0-in. nylon webbing; zero damping; no
B slack.

Line 9: Lap belt anchor point coordinates for passenger No. 1.

i
l‘/l( )

“r

Line 10: Lap belt anchor point coordinates for passenger No. 2.

s .

ECY L

Line 11: Lap pelt anchor point coordinates for passenger No. 3.

I

Lines 12-35: The aircraft acceleration pulse is approximated by a series of
- straight lines through five points. Note that the accelerations

L3
-

BT PRI, T e g P N e el e S
%:'
Pt 374

in the coordinate directions are required so that the decelera- hg

tion pulse of fFigure 11 results in negative X values. Because kS

there are no Y- or Z-accelerations, lines 16-23 are blank; the A

absence of vehicle rotations requires Tines 24-35 to be blank. _W;
ﬂ Line 36: Initial velocity = 30 ft/sec in the X-direction. Eﬁ
.4 et et .‘_"‘
ﬁ Line 37: Initial position of "aircraft" in inertial coordinate system is E;
. assumed to be (0., 0., 0.). ¢
o W
% Line 38: INAN = 1 requests standard 50th-percentile (Part £72) dummy; (&
N\ seat cushion and floor friction coefficients are 0.18 and 0.25, .;
o respectively. B
o 4
o w5
o Line 39: Initial position for passenger No., 1. GAM(l,1) and GAM(2,1) = by
: -16 degrees; GAM(3,1) = 7 degrees; GAM(4,1) = -16 degrees for 4jl
; upper arms; GAM(5,1) = 60 degrees at elbow; heels atv 32 in, ;ypy
L (these coordinates are illustrated in Figure A-6); YPASS(1l) = RN
t- «2U0 in, for y-coordinate of mid-plane for passenger No. 1. e
-l: |'~-:
o 20 n
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Figure 10. Exponential approximation of force~deflection characteristics
for dummy and l1.5-in.-thick cushion,

{d :‘C
$ l.ine 40: Initial position for puassenger 2, Same as line 39 except YPASS(2) .
:S =0 1in. vy
" X
Line 41: Initial position for passenger 3.  Same as line 39 except YPASS(3) -
) } _‘ = 20 in, -
£ e
2 Line 42: Coordinate system was located under the rear edge of t' 8 seat o
d pan, so that XSEAT = 10 in.; the height of the seat pan is 12 in.; .
§ seat pan and back angles ar¢ § and 16 degrees, respectiveiy. S
A Seat pan length and widtn are 15.15 in. and 20 in. respectively. Lf
The height of the seat nack is 39 in. 7The seat back is the same !I
width as the seat pan. (These coordinates are illustrated in N

figure A-Y).
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Figure 11, Approximation to sled acceleration.

A Line 43: The finite elevent seat model is illustrated in figure 9, NNODE
= 20 (real nodes); HELE = 27; NUMMAT = 2 for two materials; NUMDIS
= 4 (restrained nodes on the floor); NCOORD = 2 (beam pointer

noaes, numbered 21 and 22); and NSECT = 2 for two beam element Q&

cruss sections. The buckling coefficient has the standard value o

0.5. !

Line 44: KNTRL(1) = 5 indicates that up to 5 iterations will be used at >

' each time sten, KUTRL(Z) =5 indicates that 5 load increments v
T8 will oe used to enforce the floor warping. Y
E) : .a'"‘ 2
p Line 45-47: These are two groups of material properties corresponding to ?;

NMUMHAT = 2. Material type No. 1 is 2024-T4 aluminum; material
No. 2 is 4130 steel,

B Lines 44-49: There are two groups of cross-section properties (NSECT = 2),

N shown in figure 12. The circular tubing cross section, defined
tirst, is made up of eight segments; the square cross section

is made up of four segments. The orientation of the cross sec-
tion is specified Ly the beam pointer node, which locates the

peam y-axis (beam coordinate system is illustrated in figure A-13).

Line 50: Twenty-two lines of nodal coordinate data corresponding to 20
real nodes (NMODE = 20) and 2 pointer nodes (NCOGRD = 2). Node
point lTocutions and numbers are shown in figure 13,
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Figure 12, Element cross-section models used for
seat structure beam elaments.
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Line 51: Twenty seven lines of beam element data corresponding to NELF
= 27. Bean element connectivity and numbers are shown in fig-
¥ ure A-13, ,
, Line 52: Seat pan cushion load is distributed on nodes (5, 6, 13, 14) !
i for the first (right) occupant, (6, 7, 14, 15) for the second |
Y (middle) occupant, and (7, 8, 15 16) for the third (left) occu-

pant. The order in which the seat pan nodes are specified is
shown in figure A-14,

Line 53: Back cushion load is distributed on noudes (5, 6, 17, 18) for
the first (right) occupant, (6, 7, 18, 19) for the second (middle)
occupant, and (7, 8, 19, 20) for the third (left) occupant.
The order in which the seat back nodes are specified is shown
in figure A-14,

Line 54: l.ap belt loads are applied at nodes (9, 1U) for the first (right)
occupant, (10, 11) for the second (niddle) occupant, and (11,
12) for the third (left) occupant.
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Lines 55-55A: Five lines, which specify the constraint conditions at the
bottom of the seat-leg elements. For nodes 1, 2, 3, and 4 all
forces and only moments in Z-direction can be supported. In
addition, for node 2 the node is moved down in Z-direction by
0.5 in., corresponding to user-specified (pitch) floor warping
condition.

d AN e Y )

\ A complete listing of the input data for the sample case is presented in fig-
ure 13.

5.2 SAMPLE CASE OUTPUT DATA

]
'

A 1isting of the output data for the sample case described in 5.1 is presented
in Appendix C. Examples of plots generated by this case are presented as fig-
ures 14, 15, and 16.
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TRANSPORT AIRCRAFT SEAT
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yor 2 0 12ttt 1 B B.00050,025
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1 2
1 27

300, +0005 +0005 0.1 0,001 04 176 +0005
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3504 1300, 2750 00403 0,1048 0,1613 0 0y
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128 10.0 15,0 1245 30,0 15.0
0y “6,0 -0 0.0 0.0

0, 010 A58 1165 A7

30, 0, 0,
04 0. 04
1 0.18 G:23
=16, “160 79 -16, 600 12, "20-
=164 -16. kN =164 404 324 0y
"160 '160 : 70 ~16, 60) 324 204
10, 12, 8. 16, 1515 204 39, 20,
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Figure 13. Listing of input data for sample case.
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0 272 2 4 6 1 2043

39
12024-T4 AL
+208BE-4  10,5E6 44000, 4,9ES 0 62000, 3

58000, 642E4
24130 STEEL
70324E-04  29,0E4 163000, AQES 1 180000, V3
174000, g1E4
g 0 4347 +3028 1514 1514
0.0 0.0 0.0 0.0
040 834 083
'0059 o59 0083
-0.,834 0,0 1083

~0,39 -0.59 1083
000 ‘0834 +0B3
0059 "0059 0083
+834 0.0 +083
1990 +a9 083
4 0 + 3081 1082 0723 0723
0.0 0.0 0.0 0.0
=993 + 993 +0645
-/593 =993 065
0593 '0593 1043
093 1593 085

80 '100 00
250 ‘100 Oo
8¢ 1 04
254 10, 0
10, ~30, 12
10, =14, 12
10, 104 12,
10, 304 12

12,5 ~30, 12,33
1205 '100 12033
12:9 10, 12,33
1245 30, 12,33

2500 '300 140108

— — s et B

25,0 -10, 14,108

25,0 10, 14,108

25.0 30, 14,108

20258 “300 390

20259 ‘.100 39.

2,258 10, 39,

2,258 30, 39,

21 10, -40, 12,

22 250 "400 ]40
1 1 4 02
2 3 7 2 a2
I 2 W 202 2 2 v
T It 7 m 2 7 “{
5 2 &4 2 A 2 2 a0 Q4G 000 010 ‘ESL
6 4 7 221 2 2 inp 010 000 016 g '
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Figure 13 (contd). Listing of input data for sample case. ,:'_i-‘;:
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Figure 13 (contd).
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PROGRAM S0OM-TA
TRANSPORT AIRCRAFT SEAT

TIME = 0.1750 SEC.
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R &
T;. Figure 16, Sample case seat plot at time = 0,175 sec. )
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APPENDIX A

PROGRAM SOM-TA INPUT DATA REQUIREMENTS

In this Appendix a line-by-line description of input data required by Program
SOM-TA is presented. As described in section 2, there are a number of optional
lines of data, each of which is suffixed by an alphabetic character, such as
1ine 6A, which is used only if the seat includes a headrest.
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LINE l: Case ldentification
DESCRIPTION: Title and type of case.
FORMAT AND EXAMPLE:

0 1 2 ) 4 5 -] q 8
1234567800(1234567890/1234567890[1234667600/1234667800{1234567890[1234567890]1234687890)
NAME
e A A i e Do e b e b e
FIELD FORMAT CONTENTS
NAME 6A10 Alphanumeric title of case to be centered at top of 3
printed output and plots, At
‘l.'l
3
4
k) ,“'
o
RN
NN




LINE 2: Seat Type and Occupant Location
DESCRIPTION: Seat pitch, type, and locations of passengers.
FORMAT AND EXAMPLE:

0 i ) 3 1 5 B 7 8
1234667890]1234567890/128465678001234567890/1234567890[1234667890/1234567690/1234667890
NUNIT NSHAT NDIM NOGCO ITYPE |[IBEAT(1)| ISEAT(2) | ISEAT(S}| 1PASS o
o) 1 1 2 3 3 1 1 1 2
?) 1 T O Y O T O O A U O N 1 O T O T A U O O O O O
v&
FIELD FORMAT CONTENTS
NUNIT I5 System of units
NUNIT = 0 : SI units
NUNIT = 1 : English units.
NSEAT 15 Seat model
NSEAT = 0 : Rigid seat model
NSEAT = 1 : Finite element seat model.
NDIM 5 Definition of occupant degrees of freedom
NDIM = 2 : Two~dimensional simulation b
NDIM = 3 or 0 : Three-dimensional simulation. %:E
NOCC 15 Number of occupants to be modeled \éi
ITYPE 15 Seat type in terms of occupant positions. N
l'
*(l
ITYPE = | : Single seat H..‘
ITYPE = 2 : Two-passenger seat )
ITYPE = 3 : Three-passenger seat. kii
CLt
[SEAT 315 Locations of occupants, specifying whether a given
seat position is occupied (1) or empty (0) I
u
")
ISEAT(1) : Right-most position n'e
ISEAT(2) : Center position for three-passenger N
seac,left position for two-passenger "o
seat B
ISEAT(3) : Left position for three-passenger seat S?T
%

} 9 4
]
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FIELD FORMAT CONTENTS

IPASS 15 Identification of occupant for which output data
(position, velocity, acceleration, belt loads, etc.)
are stored and printed.

-D. s
S PT r 3

IPASS = 1 : Right-most passenger

\"o
.@ IPASS = 2 : Center position for three-passenger
by seat or left position for two-

Eassenger seat
eft position for three-passenger
seat

[PASS = 3 :

>

[
"
)
L\l
]

The example specifies a three-passenger seat which is fully occupied., Output
data are stored and printed for center passenger.
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INE 3: Output Selectio e

EM’ L put e n ﬁd
;;ﬁ DESCRIPTION: Definition of output data to be stored for printing and number \

of plots.
FORMAT AND EXAMPLE:

0 1 ) 3 4 3 8 7 8 -
1234567890(1234£67890(1234667800/1234567800[12346075901234567890[1204667890(1234567860 %s
! 1OUT(1) [ 1IDUT(2) | IOUT(B) | IOUT(4) | IOUT(S: [ 1IQUT(®) [ touUT(Y) | tours) | 1ouT(e) llouTti0) NopLOT]| NBPLOT| DTELT | THEATY k‘i.'.
E 1 1 R 1 1 2 ] [T 8 8. 0005, 025 o
| Ll b L Lt e bbby et i deed et e e e b e s e d et bbb 4:--:.
‘ FIELD FORMAT  CONTENTS p%
| 10UT 1015 Vector of O's, 1's, 2's and 3's indicating which output N
| data are to be printed (1, 2, or 3) or not printed (0) n
] D
{ I0UT(1) : Occupant segment position Fz
I0UT(2) : Occupant segment velocity "
IOUT(3) : Occupant segment acceleration (1) ;
N IfUT(4) ¢ Secondary impact prediction (2) o
N 10UT(5) : Restraint system forces kY
3 I0UT(6) : Injury criteria o
Yoo I0UT(7) : Seat external loads (cushions,

floor) (1)
IOUT(8) : Seat structure deflections (3)
JIOUT(9) : Seat structure support reactions
I0UT(10): Stresses in seat structure beam
elements (4).

. e

g LEPAST IS - L

NOPLOT 16 Number of requested occupant position plots (up to 8).
Lines 3A and 3B must be inserted if NOPLOT O,

L
s ¥

o~
Ple-S

-

NSPLOT I8 Number of requested seat position plots (up to 8).
Lines 3A, 3C, and 3D must be inserted if NSPLOT O,

=

(1} For IOUT(3) and IOUT(7), an input value of 1 results in unfiltered output. Eﬁ
A vaiue of 2 or 3 results in application of a class 180 (300 Hz) or class .¥

60 (100 Hz) filter, respectively. R

(2) 10UT(4) = 0 : No secondary impact prediction and the forward seat is not Q
plotted. .

10UT(4) = 1 : Subroutine IMPACT is called for prediction of ..ntact with %

|

the seat back and occupant plots show the forward seat in
its undeformed position,
10UT(4) = 2 : Subroutine IMPACT is called for prediction of contact with
the seat back and occupant plots show the forwaird seat de-
formation as the seat being modeled.
(3) If IOUT(8) = 1, 1ine 3E must be included to select the nodes for seat struc-

" Ay

N ture deflections. o
v (4) If IQUT(10) = 1, Vine 3F must be included to select the beam elements for L
N seat structure loads and stresses.

S ) K S




TSEAT

(3«
Interval at which data are written on external file 26, i“
as described in section 3., If left blank, 0.001 sec

FORMAT CONTENTS
F5.0

is assumed.
F5.0

Print frequency (in seconds) for data selected with
I0UT(8), IOUT(9), and IOUT(10).




LINE 3A: Plot Times (only if NOPLOT > 0 or NSPLOT > 0)

DESCRIPTION: Times when plots of occupant or seat position are desired. The
first NOPLOT fields are read, as defined on line 2.

Occupant and seat plot data are stored on external file numbers 14
and 20, respectively. Therefore, if plots are requested, the job

X control language must define files 14 and/or 20 as permanent files
R to be saved. These permanent files can then be used as input to
occupant and seat plotting programs.
4 FORMAT AND EXAMPLE:
N 0 1 2 3 4 6 6 7 8 :
l2345678901234567890123466’1890123466789012345678901‘2_3456789012345678901234567890 ?;.éﬁ"ﬂ
‘ TPLOTIY) TPLOT(D) YPLOT(I) TPLOT(4) 1PLOT(®) TPLOT(O) TPLOT(T) TPLOT(S) \.::-«.‘i
: 0. 0,025 .05 ) - : . e
(AR l_lOLl Pl lOI lolbln L1 101 10L715 JLJLIOI I1IOIU ILLL IDI'I1I715 Lyl IUL'IHJIO 111t I“I'I1l7) \.::\
A W
FIELD FORMAT CONTENTS g\!!
. b
’
. TR
3 TPLOT 8F10.0 Plot times, seconds. :
R
1 :-1.3\
’t o .;. .
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LINE 3B: Occupant Plot Viewing Angles (only if NOPLOT > Q)

DESCRIPTION: Angles in degrees corresponding to TPLOT times on line 3A. The G
angle is measured in the horizontal plane, as illustrated in
figure A-1. An angle of 0 degrees results in a right-side view;
90 degrees, a front view; and 180 degrees, a left-side view.

L A x>

FORMAT AND EXAMPLE:
0 i 3 "3 1 3 ) 7 —s}

1234567880[1234567800/12345667890/1234567690(1234567800/1234567800/1234567890[(1234567890
ANGVIXY) ANGYVU(2) ANGVU(2) ANGVU(4) ANGYU(S) ANGVUL®) ANGVIKT) ANGVIN®)

0. 0. 0. 0. 0. 0. 0. 0.
T 0 T Y T T O 0 e T U 1 e O 0 v

I T e AN,

FIELD FORMAT CONTENTS
ANGVU 8F10.0 NOPLOT occupant viewing angles, degrees.

|
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= ®
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04001

B0

-

XL R Ty YK R AR TR X e o — -
r.

IR PR

_>
X (forward)

b
[ 4
'|IEi

5

a-—

IR Y

g oy

<. Viewing angle = «
Viewing
Position

AL
R e S 3

Figure A-1, Definition of occupant plot viewing angle.
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LINE 3C:  Seat Structure Plot Viewing Elevation Angle (only if NSPLOT > 0)

DESCRIPTION:  Angles in degrees corresponding to TPLOT times on line 3A. The %-.
viewing elevation angle, ¢ , 1s illustrated in figure A-2, '

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 1 8

1234667890]12345678980|1234567690(1234567600]1234567890|1234567600[(1234567890/1234667890

™

PHI(T) PHI(2) PRI(S) PHI(4) PHIS) PHKS) PHK?) PHKS) i (:
W

cer e A% @00 @00 @00 A8 200 A% 0300 5%
e

it

FIELD FORMAT CONTENTS &
ik

PHI 8F10.0  NSPLOT elevation angles, degrees. i‘,"'
"-‘

Y
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e

43 Viewing position

g .
] (=]
3 ~
|| o
' Center of the imaginary <
e workbox which encloses o
the model
: = Azimuth angle in X-Y plane in degrees (-180° ¢ 0 2 +180°)
¢ = Elevation angle in degrees (-90° < ¢ = +90°)
f Figure A-2. Angular coordinates for viewing of seat
;". models,
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LINE 3D:  Seat Structure Plot Viewing Azimuth Angle (only 1f NSPLOT > 0)

DESCRIPTION: Angies in degrees corresponding to TPLOT times on line 3A. The
viewing azimuth angle is illustrated in figure A-2.

FORMAT AND EXAMPLE:

0 1 2 3 4 b 6 7 8
1284567890/1234567690[1234567800|1234567890/1234667800/1234567890/123456567890/12345667890)
THE(1) THE(2) THELD) THE(4) THE(®) THE(S) THU(?) THI(®)
LLlllL llilsl'l[J Lt11l 11'151'10 AN II‘JBI'J0 AL lalsl'lo Ll LAISI'IUJ Lidd 11015”0 LIl ll‘JSl'l[J il IhISl'u

FIELD FORMAT ~ CONTENTS
THE 8F10.0 Vector of NSPLOT azimuth angles, degrees.
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LINE 3E: Nodal Output Selection (only if IUUT(8) > 0)

DESCRIPTION:  Node numbers, in pairs, to specify which X, Y, Z displacements
are to be printed. (The node numbers are defined on line 50.)

FORMAT AND EXAMPLE:

0 1 ] 8 | b 6 ' ] ]

1234567800[(12346678900(12345667600{1234667800[1234567880(123¢4567890{1234667890/1123456789
£ i E—— e

KNODE( 1) KNODE(RRK NODE(S)K NODR(4NKNODR(S)IKNODE(S] KNODE(7)|KNODE(S)| KNODEB(ONKNODE(10) . MM::MﬁNM_.

x

llll1Lllzlollll LI Lttt drgd Vi iyttt b e il il E'\:
i FIELD FORMAT  CONTENTS 3;‘3
; KNODE 5(215) Nodal displacements printed for nodes beginning with R;
j KNODE( 1) through KNODE(I+1), inclusive. Up to & pairs ﬁ@
| of nodes are permitted. Y
i
4 ‘

7 3
d
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LINE 3r: Beam load and stress Selection (only if I10UT(10) > 0)

DESCRIPTION:  Element numbers, in pairs, to specify which stresses are to be
printed. Maximum and minimum values of stress are printed at
both ends of selected beams.

] FORMAT AND EXAMPLE :

[

0 1 2 3 ) | ] K] 8
L
L l2345678901284567890123456789012345678901234587890123456789012846678901284567890
KBEAM 1) | KBEAMI) | KBEAM() |KBEAM4) | KBEAMIB) | KBEAM(S) [ KBEAM(?) | KBEAMIS) | KBEAW(O) |KBEAM10) .‘;_‘ T___—:_a——q(
| 27
) A trpr e d s ol iy i vy v vy e v e e e rr v ey e v ety e et tr bl
i
)
; FIELD - F ORMAT CONTENTS
g KBEAM 5(215) lLoads and stresses printed for beam elements beginning
! with KBEAM(I) through KBEAM(I+l), inclusive. Up to §

pairs of elements are permitted.
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LINE 4: Simulation Control Data

%& DESCRIPTION: ggrameters for control of solution duration, step size, and error
unds.

FORMAT AND EXAMPLE:

0 1 ) 3 4 ) ] 7 )
1234567890(1234567880{1234567890/1234567800[1234567890[1234567800/1234567890(1234567890
TMAX DMAX DMIN EUR ELR 1] TF DT
1101 |310101° [ 101.10‘01015 [ 101.10191015 Ll IOL'I1IO 111l lnl 'IUIOI] Ll it lOL' 111l J.DI'J1I7I6 il 1191'101005

FIELD FORMAT CONTENTS
TMAX F10.0 The maximum time allotted for the run on the job card

in decimal seconds. This will ensure that the solution
is terminated in time to permit printing of the output
already computed.

DMAX F10.0 Maximum step size. A value of 0.001 sec has been used
successfully.

DMIN F10.0 Minimum step size. A value as large as 0.001 sec has

been used successfully, but the use of very stiff re-

W straint system webbing or seat cushions may require a
'b smaller value, such as 0,00001. The solution can be ac-
complished with a fixed step size by setting DMIN = DMAX.

EUR F10.0 Maximum bound on error between predictor and corrector.
A value of 0.05 to 0.10 is suggested, corresponding to
a range of 5 to 10 percent. If the error in any vari-
able 1s larger than this value, the step size is halved,
maintaining solution accuracy.

ELR F10.0 Lower bound on error between predictor and corrector.
A value of 0.001 is suygested, corresponding to 0.1
percent. If the error in all variables is smaller
than this value, the step size is doubled, preventing
ﬁ?ehcomputer execution cost from becoming excessively

gh,

|

: Note: Because doubling the step size multiplies the

* truncation error in the Adams-Moulton integrator by a
| factor of 2°, ELR should be chosen less than EUR/32 if
]
J
N

¥y

the advantages of doubling are not to be short-lived.

Ay
Pl

! TI F10.0 Initial solution time in seconds. Normally taken as 0.
i. TF F10.0 Final solution time in seconds.
W LTI F10.0 Initial step size, normally set equal to DMIN.
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LINE 65:  Combined Seat Cushion and Occupant Buttocks Properties

¥ e
LEAA N

i DESCRIPTION:  Force-deflection characteristics and damping for seat cushion and é;
' buttocks combined; thickness for seat bottom cushion. The force, ¥,™y

is computed from total deflection,§ , according to F = C(eBG- 1),
FORMAT AND EXAMPLE:

! 0 1 2 3 4 5 6 7 8

1234667890{1234567890/1234567890/1234667800/12345678901123466789011234567890{1234567890
e P

csc 880 vrec THICE R I Sy
0.%0 2l .50

7160, .
LAl Ll L b e b bl iy g b b by Lt b b b (i b b i L bl

e ———

-

s

2 .
K

o

{2

FIELD FORMAT CONTENTS

o

csc F10.0 Coefficient C in above equation (1b).
BSC F10.0 Coefficient B in above equation (in.'l).

v

IR

DPSC F10.0 Damping coefficient at zero load (1b-sec/in.).
THSCE F10.0 Unloaded thickness of cushion under buttocks (in.)
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W% LINE 6:  Back Cushion Properties

(s DESCRIPTION:  Force-~deflection characteristics, damping, and thickness for back
cushion. These characteristics should be measured using an in-
denter with the form of the occupant torso. [f a dummy torso is
used in measurement, the deflection should be based on the chest
accelerometer location. The force, F, is computed from cushion

deflection, § , according to F = C(eB‘S - 1).
FORMAT AND EXAMPLE:

h: 0 1 P 3 Y g 6 7 B

1234567890

i S———

1234667800/1234567890{1234567808011234567890/1234567890(1234567890(12345667890

cac sec oPic THBCE o T I e T T I
7¢0. 0.5 249 Y R '
LA LA L L L LB bbb p b rer et beer g erglee e et by et
FIELD FORMAT ~ CONTENTS i
CBC F10.0 Coefficient C in above eguation (1b). %
: )
BBC F10.0 Coefficient B in above equation (1n.'1). :i:j‘
DPBC F10.0 Damping coefficient at zero load (1b-sec/in.).
THBCE F10.0 l(Jn]o:;\ded thickness of cushion in center of seat back
in.).
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LINE 7:  Restraint System Identification

s

~ t
DESCRIPTION:  Integers defining configuration of restraint system and presence ¢k§
or absence of headrest.

%
s

FORMAT AND EXAMPLE:

L

T

0 1 2 3 4 b 6 7 8

&

Y
5%

1234567800[1234567800[1234567890/1234567800/1234567800{1234567600(1284567890[1234587890

INBYS | IBUKL ILPBLY | IBHANS | IHWBT n I:.if::'j
d d f d 1 s
el eerr eyt ety bt v ey e beaer b bty derii v gt el .::‘_\::‘
L

FIELD FORMAT CONTENTS g
Fivy

IRSYS I5 Restraint system configuration. 3§%f
K

IRSYS = 0 : Lap helt only :5&}

IRSYS = 1 : Diagonal shoulder belt
over right shoulder
IRSYS = 2 : Diagonal shoulder belt
over ieft shoulder
IRSYS = 3 : Double shoulder belt
IBUKL I5 Buckle connection type (see figure A-3).
ILPBLT I5 Lap belt attachment

ILPBLT = Q0 : Attached to airframe
ILPBLT = 1 : Attached to seat.

ISHRNS 15 Shoulder harness attachment

ISHRNS = 0 : Attached to ajrframe
ISHRNS = 1 : Attached to seat.

IHRST I5 Headrest option

IHRST
IHRST

nou

0 ¢ No headrest
1 : Headrest included - requires line 7A.
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2 IBUKL = 3

i

1 IBUKL

IBUKL
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BUKL = 0 A%

1 = Shoulder belt fixed to buckle oo
2 = Shoulder belt and one side of gﬁ
lap belt are one length of e
webbing %h

3 = Should~r belt and lap belt Qﬂ

attached to fixed point

NOTE: BUKL parameter is defined on lines 11B, 11C, and 11D.

A
{l

ALY

Figure A-3., Types of buckle connections specified
by IBUKL on line 7.
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LINE 7A:  Headrest Cushion Properties (only if IHRST = 1)

34

DESCRIPTION:  Force-deflection characteristics, damping, and thickness for head- e&éé
rest cushion. The measurement should be made using a headform. l

The force, F, is computed from cushion deflection, 8, according

to F = C(eBS- 1),
FORMAT AND EXAMPLE:

. A ———— e - > a

0 1 2 3 4 5 4 7 []
%E 123456780011234567890/1234667890/123456780011234567800(1234567890123466189011294587890) s
oHn - o~ TR [ e s .“
IEERERU Lt BT FET RN SRR RN ks SRR AR ARANE ERUERURUNU AR NERU NI ANRRERAER. ;
FIELD FORMAT  CONTENTS ,
CHR F10.0 Coefficient C in above equation (1b). f
BHR F10.0 Coefficient B in above equation (1n.'1). !
DPHR F10.0 Damping coefficient (1b-sec/in.). E
THHRE F10.0 Unloaded thickness of cushion behind head (in.). Q&
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AN £ =5e

LINE 8: Lap Belt Properties

ot
v 7

'S

- = A

B
-

AW P PE S | S P AL AR o

$ DESCRIPTION:  Tables of forces and deflections define an approximation to force-
deflection curve by three linear segments, as illustrated in
figure A-4, The force and deflection at point 1 are assumed to

be zero.

FORMAT AND EXAMPLE:

0 1 2 3 4 6 6 ? 8

1234567890/12345667890[1234567890[1234667890(1234567890({1234567890/1234067890(2234567890/

A R S N VIR XX KR T —

rLN2) FFLB(S) FFLB(4) DOLB (2) ooLB(d) ooLp “‘) [- 1§} SLAS
550, 1300, 2250. 0.0403 0.10648  0.16132 0. 0.
JA i L bttt e bt .l_l,_llllllllllLlUIll Lyt ird
FIELD FORMAT CONTENTS
FFLB 3F10.0 Forces (1b).
g DDLB 3F10.0 Strains corresponding to forces (in./in.).
§“: DPLB F10.0 Damping coefficient (1b-sec).
5 SLAB F10.0 Slack in the total lap belt loop, the length that, if

removed, would cause the belt to pass snugly over the
occupant with zero load (in.).
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FFLB (4) (D4, F4)
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(D3, F3)

IR FL S

LEFLB(3)

Force

Pl

FFLB (2) (D2, ¥2)

>-e -« -
L A,

i

£

DDLB(2) (DDLB(3) DDLB(4)

Deformation

o S

x_»
a_l

Figure A-4, Force-deflection model for
restraint system webbing.
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¢§¥\ LINE 9:  Lap Belt Anchor Points and Footrest, Passenger No. 1*
ol

DESCRIPTION: Coordinates of right and left lap belt anchor points
in aircraft coordinate system; location of footrest.

FORMAT AND TXAMPLE:

0 s 2 ] 4 5 ] 7 8
12346067600]12345667690(12345667800{123456676980/1234567890/1234567890112345667800(12584567890

e, YU, 1) L1, 1) XL, 1) Lo, 1 LA, 1) \
1111111121‘15 1:111"13101‘1 1111111151'10 |||-tl1l71'1S 11111“11101'10 1111111151'10 Lot ity
FIFLD FORMAT ~ CONTENTS
X.B(1,1 3F10.0 Coordinates of right-hand lap belt anchor point in
YLB(1,1 aircraft coordinate system (in.).

ZLB(1,1

XLB(2,1 3F10.0 Coordinates of left-hand lap belt anchor point in
YLB(2,1 aircraft coordinate system (in.).

ZLB(2,1

*Used only 1f ISEAT(1l) =1 on line 2.
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LINE 10: Lap Belt Anchor Points and Footrest, Passenger No. 2*

A
&5

DESCRIPTION:  Coordinates of right and left lap belt anchor points in aircraft
coordinate system; location of footrest.

FORMAT AND EXAMDLE:

0 1 2 3 4 5 [ ki 8
1284567890[1234567890/12345687890/1234567890(1234567890/1234567890/1284567390{1234667890
w xL8(1,8) YiR(LD) L, xLME.D) vLsLe (e
o . -10.0 15,0 12,5 10.0 15.0
_-(_, drr e b ettt et e et b et s g e i et vy ep ety
o
) FIELD FORMAT CONTENTS
XLB(1,2 3F10.0 Coordinates of right-hand lap belt anchor point in
§ YLB%I.Z aircraft coordinate system (in.).
N ZLB(1,2
XLB(2,2 3F10.0 Coordinates of left-hand lap belt anchor point in
;LB 2,2 aircraft coordinate system (in.).
LB(2,2

*Must De inciuded. Used only if ITYPE > 1 and ISEAT(2) = 1 on line 2. |




LINE 11: Lap Belt Anchor Points and Footrest, Passenger No. 3*

; DESCRIPTION:  Coordinates of right and left lap belt anchor points in aircraft
coordinate system; location of footrest.

FORMAT AND EXAMPLE:

0 1 2 3 4 b 6 7 8

1234667890[1234567890]1234567800/1234567800/12346676800/1234567890[1234567890/1123456178

XLum{1,8) YUK t,8) 1,8 XLm2,3) YL 2,0 82,3
12.5 10.0 15.0 12,5 30,0 15.0

Lo nte ettt e bty et b e et er iy e et g et il eererrd
FIELD FORMAT CONTENTS
XLB(1,3 3F10.0 Coordinates of right-hand lap belt anchor point in
YLB(1,3 aircraft coordinate system (in.).
ZLB(1,3
XLB(2,3 3F10.0 Coordinates of left-hand lap belt anchor point in
YLB(2,3 aircraft coordinate system (in.).
ILB(2,3

ﬁ *Myst be Included. Used only if ITYPE = 3 and ISEAT(3) = 1 on line 2.
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LINE 11A:  Shoulder Belt Properiies (only if IRSYS > Q)*

DESCRIPTION: Tables of forces and deflections define an approximation to
force-deflection curve by three 1inear segments, as illustrated
in E;gure A-4, The force and deflection at point 1 are assumed
to zero.,

FORMAT AND EXAMPLE:

0 1 2 3 4 b [ 7 8
1234667890123456789012845678901234587890123466789012345878901184587}_9_@ |
rrae) FPEHD) FEOMA) ODBHIR) DDA DDBH(A) DPON e j

prasvederda s b e eaeys b b Jerr e by bl

1

: FLELD FORMAT ~ CONTENTS '
FFSH 3F10.0  Forces (1b). |
DDSH 3F10.0 Strain corresponding to forces (in./in.). '

DPSH F10.0 Damping coefficient (lb-sec). |

SLSH F10.0 Shoulder belt slack (in.). |

%
e

*Not present for sample case.
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LINE 11B, 11C, 11D:  Shoulder Belt Anchor Points (only if IRSYS > Q)%

.....

DESCRIPTION:  Coordinates of shoulder belt anchor point in aircraft coordinate

system, along with other restraint system characteristics.

FORMAT AND EXAMPLE:

A-27
AT TR SR TR VE.CREC RN LA ES BR S LERRT A SABI RO SRS LKA LMW ECARSERULERE LT IRRT A RANRERNE)

0 1 2 3 i 3 8 7 8
1234567890(1234567890/1234667890/12345617800]/1234567890]123456769011234667690/12340667
XoH 1) Yo zaHl1) BUKL() XTRALLY) ):—:—-—:—_—:ﬁ

pribedtndbtenrrran et vrreearer e pe et e e e e s et iy Ll

FIELD FORMAT CONTENTS

XSH(1 3F10.0 Coordinates of shoulder belt anchor point in aircraft

YSH(1 coordinate system, or point from which belt passes to

ZSH(1 shoulder in a straight line.

BUKL(1) F10.0 Length of lap belt webbing attached to buckle, 11lu-
strated in figure A-3 (in.).

XTRAL(1) F10.0 Length of shoulder strap beyond (xsH(1), vsu(1), zsu(1))
2{ s?rap not in straight line, as shown in figure A-5

n.).

Lines 11C and 11D repeat Line 11B for passengers 2 and 3.

*Not present for sample case.
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XSH(1), ¥YSH(1),

XTRAL dimensions for shoulder

Figure A-5,

belts on 1ines 118, 11C, 11D.
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LINE 12 - 35: Afjrcraft Acceleration

DESCRIPTION:  The time variation of each of the six components of the accelera~
tion of the aircraft coordinate system is approximated by up to
16 points in acceleration and time.

FORMAT AND EXAMPLE: (Lines 12 - 15)

0 { 2 3 4 8] 6 1 8
12345678001234567800/1234567800/1234567890[1234567890[1234567800/1234567800/1234567890
AX(Y) AX(D) AN AX(4) AX(B) Ax(e) AX(D AXta)
0. -6.0 6.0 0. 0.
it bl e ve et e e rerrerestrcb il e e p gt
AN(®) AX(10) AX(11) AX(1R) AX(I®) AN(14) AX{18) AX(1®)
LLLLA L Lttt rie et gaterrrd b b i3l it
™) ™D ™(8) ™ie) ™(®) TH(8) () ™ie)
0, 0,014 0.159 0.169 0.175
ALty e e epb v p ey et et irg et Lttty
TX(0) TX(10) ™) ™(1s) ™) TX(14) TX('I’ (1)
LA i v g ety gttt e i e bttt it teerederrrieidt Liti el et iiid
FIELD FORMAT CONTENTS
Lines 12 and 13:
AX J;. J = 1.8 8F10.0 X-acceleration (G).
AX{Jd), J = 9-16 8F10.0
Lines 14 and 15:
TX?J;, J = 1-8 8F10.0 X-time corresponding to lines 12 and 13 (sec).
TX(J), J = 9-16 8F10.0
,% Lines 16 and 17: Y-acceleration (G). :
Lines 18 and 19: Y-time (sec). E%i
) )
! Lines 20 and 21: Z-acceleration (G). F Q
) e
' Lines 22 and 23: Z-time (sec). ‘
Lines 24 and 25: Yaw acceleration (rad/sec/sec). o
Lines 26 and 27: Yaw time (sec).
Lines 28 and 29: Pitch acceleration (rad/sec/sec).
Lines 30 and 31: Pitch time (sec).
Lines 32 and 33: Ro11 acceleration (rad/sec/sec). E%‘
Lines 34 and 35: Ro1T time (sec). 3
’
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LINE 36:

Afrcraft Initial Yelocity
DESCRIPTION:

FORMAT AND EXAMPLE:

Components of aircraft initial velocity, in aircraft coordinate
system, translation and rotation.

0 1

2 a 4 ] (] 7 )
12345678900(1234567890/1234567890[1234567800/1234867890/11234867800[12845067890[1234567890
VX vy v DYAW DMTCH oRoLL ;:;—

30, 0. 0. 0. 0. 0. |
col e e et e by e e g et e e bbby e bbb
FIELD FORMAT CONTENTS
VX 3F10.0 Components of aircraft initial velocity in aircraft
VY coordinate system (ft/sec).

74

DYAW 3F10.0 Yaw, pitch, and roll rates (rad/sec).
DPITCH

DROLL

»
‘e dw 1

A-30
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LINE 37:

DESCRIPTION:

Aircraft Initial Position

system, and attitude.
FORMAT AND EXAMPLE:

Components of aircraft initial position, in earth-fixed coordinate

0 1 2 3 4 5 6 7 8
1234567880/1234867890(1234567800[(12348617800[1234567800/1234567800[12345676890(112445617890
%A YA A YAW PITOH AoLL _ _’__,;.:v- -
uLulllol' IIIllLIlOI' Llllllllol' 1111111101‘ llllllllOL' lLllIlllUl' Ll el bt
FIELD FORMAT CONTENTS
XA 3F10.0 Position of aircraft coordinate system in inertial
YA system (earth-fixed system in which gravity acts in the
ZA -Z direction) (in.). These initial coordinates are
normally taken as (0., 0., 0.) unless displacement from
a specific point is desired. For example, if the simu-
lation {s to be initiated at some horizontal distance
from a barrier, such as 60 in., the initial position
could be specified as (-60., 0., 0.). If the simula-
tion is to begin 10 in. above the ground in a vertical
drop, the initial position could be specified as (0.,
0., 10.). These coordinates are not used in the simu=~
lation but only in output of aircraft position.
YAW 3F10.0 Initial attitude of aircraft relative to earth-fixed
PéIEH system (deg).
R
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LINE 38: Occupant Identification and Friction Coefficients

DESCRIPTION: Identification of type of occupant (human or dummy ).
NOTE: IMAN = 2 or 3 requires additional lines for each passenger.

FORMAT AND EXAMPLE:

0 1 2 3 4 b [] 1 8
12345617890]1234567890[1234667890[1234567800112345678001123466780011293486780011234867899]
IMAN 0OEFFY CORFFA I D=
1 0,18 0.25
et iedpsrrrepn et eptrrr b e ri e b et et bbbt ed il
FIELD FORMAT CONTENTS ,
IMAN I5 Identification of occupant I
5X IMAN = 0 : Standard 50th-per ~ni e male human |
IMAN = 1 : Standard 50th-per.. ' e (Part 572)
dummy
IMAN = 2 : Nonstandard human |
IMAN = 3 : Nonstandard dummy. !
COEFFS F10.0 Seat cushion friction coefficient. ggf
COEFFR F10.0 Floor-foot friction coefficient. ‘!Q

5
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LINE 39: Occupant Initial Position, Passenger No, 1

DESCRIPTION:  Initial position angles and heel X~ponsition, as illustrated in
figure A-6. The heels are assumed to begin at Z = 0. The torso
is aligned according to GAM(1,1), GAM(2,1), and GAM(3.1), and the
position is then determined from static equilibrium, allowing for
compression of the cushions. Also, the Y-coordinale of the occu-
pant plane of symmetry is included.

FORMAT AND EXAMPLE:

¢ o

-3

0 1 2 3 4 b 6

1234567890]112345678901123456789011234567800!1234667890!1234567890{1234667890

GAM(Y, 1) QAMIR, 1) AANY, 1) GAMLA, 1) GAM S, 1) XHEEL(1) YPASK 1)
NEREN AL L A RN ENL LK R TRRTNRL RN L R A ARk LLLLi] ﬁxﬂ;;mu‘,:?ﬁ_‘_ 1l LL,LLJ
F1ELD FORMAT CONTENTS
GAM(I,1) 5rF10.0 Vector of initial position angular coordinates, as il
illustrated in figure A-6 (deg). R
\;“w
XHEEL(1) F10.0 ?~co?rdinate of heels in aircraft coordinate system %;ff
in.). e
'\il‘:‘i:;:.&'\']
YPASS(1) F10.0 Y-coordinate of mid-place (plane of symmetry) for
occupant. N
e
ol

=
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Figure A-6, Occupant initial position input data. (1
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0 1 2 3 ] 6 “”"’"‘6(“” 7 8
1234567890[11234567890/12345667890(11234567890/1234587890[12345607800[1234567890{1234587800
QAM1,2) GAM(2,2) Qani3,2) GAMI4,2) GAM(S,2) XHEEL(2) YPASS(2)
-16. 16, 7. =16, 60. 12. 0.
pr ity e bt iy rera v et e trey et et et ie et
?
\ FIELD FORMAT CONTENTS
‘ GAM(I,2) 5F10.0 Vector of initial position angular coordinate, as
' illustrated in figure A-6 (deg.).
i
ﬂ XHEEL(2) F10.0 X-coordinate of heels in aircraft coordinate system
3 (in.).
'l
ﬁ-i YPASS(2) F10.0 Y-coordinate of mid-plane (plane of symmetry) for
N occupant.
;
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LINE 40:

DESCRIPTION:

Occupant Initial Position, Passenger No. 2

figure A-6.

Initial position angles and heel X-position, as illustrated in

The heels are assumed to begin at Z = 0. The torso

is aligned according .o GAM(1,2), GAM(2,2), and GAM(3,2), and
the position is then determined from static equilibrium, allowing

for compression of the cushions.

occupant plane of symmetry is included.

FORMAT AND EXAMPLE:

Also, the Y-coordinate «f the

?‘5

(e,
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L2 55

2 P

LINE 41: Occupant Initial Position, Passenger No. 3

Initial position angles and heel X-position, as illustrated in
figure A-6. The heels are assumed to begin at Z = 0. The torso
is aligned according to GAM(1,3), GAM(2,3), and GAM(3,3), and

the position is then determined from static equilibrium, allowing
for compression of the cushions. Also, the Y-coordinate of the
occupant plane of symmetry is included.

FORMAT AND EXAMPLE:

,,
EAA

Lo J

fg a1

w

o

x

Py

©

-

L o 2

o

=

e

LY

~§:’i X

¥
v

.

0 1 2 3 4 5 6 7 8

;3

S A AS

-
9

GAM(1,3) QAM{2,3) GAM(3,2) QAM (4,9 QAM(8,2) XHEEL(D) YPASS(Y)

- —t

12345667090|1284567890/11234567890/1234567880/12345867890]1234567890(1234867890/1284561789
\

-6, 16 . 7. 16, 60. 32, 20.
iyttt e raerera b e r e b er it deraae syt bt drrtrei g et
FIiELD FORMAT CONTENTS
GAM(I,3) 5F10.0 Vector of initial position angular coordinate, as
illustrated in figure A-6 (deg).
XHEEL(3) F10.0 ?—co?rdinate of heels in aircraft coordinate system
ineg)e
YPASS(3) F10.0 Y-coordinate of mid-plane (plane of symmetry) for iiﬁ
- occupant. =
e
o
)
&N
o3
b
-
e
:’4
12N
L,
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LINES 39A - 39L: Nonstandard Occupant Input Cata*

.‘:ll
"l.
;
g
§
W
"
N

A

[f nonstandard occupants are requested by setting IMAN = 2 (human) or IMAN = 3
(dunmy) on line 38, then 12 additional iines must be inserted. The format for
these 12 lines, referred to as 39A -~ 39L, is explained on the following 15
pages. If IMAN = 0 (standard 50th-percentile human) or IMAN = 1 (standard
50th-percentile dummy), skip this section and proceed to line 42.

*These 1ines must be provided for each occi'pant after the line specifying
corresponding occupant initial posic¢ion (lines 39, 40, and 41). They are not
included in the sample case, but an example is provided in Appendix B,
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LINE 39A:

DESCRIPTION:

Segment Lengths (only if IMAN = 2 or 3)

in figure A-7.

Lengths of the spine and segments 3, 4, 5, 8, and 9 as described

The lengths of segments 6, 7, 10, and 11 are
obtained from these by symnetry (in.).

FORMAT AND EXAMPLE:

0 1 2 3 4 [} ] 7 8
12345667800{11234667890]123456789011234567800[(1234567890/11234667890/1234567890/123456178%90!
s XL(3) XL(4) XL(® XL(®) xL(0) e
prrer et ety v b erdpp ety ey ket r et it e bt il
FIELD FORMAT CONTENTS
SPL F10.0 Spinal length,
XL(3) F10.0 Head Length,
XL(4) F10.0 Upper arm length.
XL(5) F10.0 Lower arm length - elbow to mid-point of hand.
XL(8) F10.0 Upper leg length.
XL(9) F10.0 Lower leg length - knee to ankle.
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LINE 398B:
DESCRIPTION:

Segment Center of Mass Location (only if IMAN = 2 or 3)

FORMAT AND EXAMPLE:

Center of mass locations for segments 1, 2, 3, 4, 5, 8, and 9.
See figure A-7 for datum plane description (in.).

A-40

[0 1 2 3 4 ) 6 7 8
123::‘:":890 1234“:::’890 123:::;,1890 123:::‘;7890 1231::1&10 lﬂiﬁim%mw
NSNS N N N N NN AN A NN NN
FLELD FORMAT CONTENTS
RHO(1) F10.0 égsgg torso center of mass vertical distance from hip
RHO(2) F10.0 Upper torso center of mass distance froin base of neck.
RHO(3) F10.0 Head center of mass distance from base of neck.
RHO(4) F10.0 Upper arm center of mass distance from shoulder pivot.
RHO(5) F10.0 Lower arm center of mass distance from elbow pivot.
RHO(8) F10.0 Upper leg center of mass distance from hip pivot.
RHO(9) F10.0 Lower leg center of mass distance from knee pivot.
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LINE 39C:  Segment Weight (only 1f IMAN = 2 or 3)
DESCRIPTION: Weights of segments 1, 2, 3, 4, 5, 8, 9 and 12 (1b).
FORMAT AND EXAMPLE:

0 | ] ' 3 ] b (] 7 []
1234567890/1284567890[123466780011234567890/123485076901284507690112345676890(1294567800] R
w1} awin) SW(S) W) sw{a) swis) awle) w1 ’_
I;‘; crrtrrrcn b e oo b e v s b erap ey ey et er i iaytilgg :é,,
5
3 FIELD FORMAT ~ CONTENTS L
' 4538
; SW(1) F10.0 Lower torso weight. %ég
A VU
% SW(2) F10.0  Upper torso welght. R
i Su(3) F10.0  Head weight. e
gﬁ SW(4) F10.0 Upper arm weight.
%‘: SH(5) F10.0 Lower arm weight.
?;;_ - SW(8) F10.0 Upper Teg weight.
- SW(9) F10.0 Lower leg weight.
. SW(12) F10.( Neck weight.
ol
.
b
&
f
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LINE 39D:  Segment Moment of Inertia with Respect to Local x-axis (only if
IMAN = 2 or 3)
DESCRIPTION:  Moments of inertia withzrespect to x-axis for segments 1, 2, 3, 4,
5, 8, and 9 (1b-in.-sec®).

FORMAT AND EXAMPLE:

0 1 ) 3 9 § 8 7 )
_}_2345878901234567890123456'/8001234567890123466’7890123458789012846678901284507890

oIt oix(n) QIX(8) CIX4) GIx(s) c(e) QIX(®)

Lttt vt et ey rer e be ey et et it r e ey p e fr g
FIELD FORMAT CONTENTS

CIX(1) F10.0 Lower torso x-axis moment o¥ inertia.

CIX(2) F10.0 Upper torso x-axis moment of inertia.

CIX(3) F10.0 Head x-axis moment of 1nertia.

CIX(4) F10.0 Upper amm x-axis moment of inertia.

CIX(5) F10.0 Lower arm x-axis mcment of inertia.

CIX(8) F10.0 Upper leg x-axis moment of inertia.

CIX(9) F10.0 Lower leg x-axis moment of inertia.
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LINE 39E:  Segment Moment of Inertia with Respect to Local y-axis (only if
IMAN = 2 or 3)

DESCRIPTION:  Moments of inertia with resgect to y-axis for segments 1, 2, 3, 4,
» 8,9, and 12 (1b-in.-sec®)

FORWAT AND EXAMPLE:

5 1 2 3 3 5 g 7 8
1234567800/1234567890[1234567890[1234567800/1234567890/1234567800|1234567890/128456789
cIv(1) Qlv(a) oIV D0 cIvi®) civie) Qiv(e) civ(1n)
LLitp b it g ettt rrn ity g et vt i r v s Lty bbbyl

FIELD FORMAT CONTENTS

CIY(1) F10.0 Lower torso y-axis moment of inertia.
CIY(2) F10.0 Upper torso y-axis moment of inertia.
CIY(3) F10.0 Head y-axis moment of inertia.

cIY(4) F10.0 Upper arm y-axis moment of inertia.
CIY(5) F10.0 Lower arm y-axis moment of inertia.
CIY(8) F10.0 Upper leg y-axis moment of inertia.
CIY(9) F10.0 Lower leg y-axis moment of inertia,

CIv(12) F10.0 Neck y-axis moment of inertia.




LINE 39F:

Segment Moment of Inertia with Respect to Local z-axis (only §f

A-44

IMAN = 2 or 3)
DESCRIPTION:  Moments of inertia withzrespect to z-axis for segments 1, 2, 3, 4,
5 8, and 9 (1b-in.-sec®).
FORMAT AND EXAMPLE:
B 1 ) 3 ) 5 ) ! 8
1234567890(123466789011234567890(1234567690/1234567800]12345867800(1284867690)
ot 1) ci12e) cts) clz4) cixe) clus) ciny)

AN N NN R A N NN NN AR AN R AN
FIELD FORMAT ~ CONTENTS

CIZ(1) F10.0 lLower torso z-axis moment of inertia.

Ciz(z) F10.0 Upper torso z-axis moment of inertia.

CIZ(3) F10.0 Head z-axis moment of inertia.

CIZ(4) F10.0 Upper am z-ax1s moment of inertia.

CIZ(5) F10.0 Lower arm z-axis moment of inertia.

ClZ(8) F10.0 Upper leg z-axis moment of inertia.

CIZ(9) F10.0 Lower leg z-axis moment of inertia.
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§§ LINE 39G: Contact Surface Radii (only if IMAN = 2 or 3)
&

DESCRIPTION:  Radii of contact surfaces 1, 2, 3, 4, 5, 8, 9, an¢ 12 (in.).
(See figure A-8 and table 8-1 for human occupant.)

FORMAT AND EXAMPLE:

0 1 ) 3 4 ] [} 7 8
13346678900128488 61 123456176901234567890(1494567890/1234867800]
LU ) ANe) AN Xn4) XR(8) xme) XM Xt 1)

L Lt Lt Ld lllllllll!llllllllL NERENE AW lll‘JLHl‘:_lLllllll LUty il

FIELD FURMAT ~ CONTENTS
XR(1) F10.0 Radius of lower torso contact surface ellipsoid.
XR(2) F10.0 Radius of upper tnrso in mid-saggital plane,
XR(3) F10.0 Radius of head in mid-saggital plane.

| XR(4) F10.0 Radius of upper arm contart surface cylinder.
YR(5) F10.0 Radius of lower &rm contact surface cylinder.
XR(8) F10.0 Radius of upper leg contact surface cylinder.
XR(9) F10.0 Radius of lower leg contact surface cylinder.

XR(12) F10.0 Radius of neck contact surface cylinder.
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TABLE A-1. STANDARD CONTACT SURFACE DIMENSIONS

Actual Dimension

Fraction of
for 50th-
?gafgse Percentile Human

Surface _Symbol i Male (in.)

Pelvis R1 0.0579 4.00

Chest R2 0.0689 4,76

Head R3 0.0485 3.35

Arm R4, R6 0.0263 1.82

Forearm R5. R7 0.0243 1.68

Thigh R8’ RlO 0.0466 3.22

Leg Rgs Ry 0.0344 2,38
i
b Foot Rygs Rys 0.0405 3.10
i Hip R16' R17 0.0515 3.56
! Shoulder R18’ ng 0.0378 2.61
i E1bow R20’ R21 0.0268 1.85
% Hand R22’ R23 0.0339 2.34
i 5
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LINE 39H:

DESCRIPTION
FORMAT AND EXAMPILE:

Contact Surface Radii Continued (only if IMAN = 2 or 3)
: Radii of contact surfaces 14, 16, 18, 20, and 22 (in.).

0 1

1234667890]1234567890

2

1234667890/1234567830/112345667890{1234567800/1234567890{1234567880

-

3 4 b 8 7 8

L5

o r——

LWl
uuuuuuuuuuu

) XR(14) XA 18) X 10) XM 20) X2 —] —_ N

.:: 11 g1yl lLIllL‘l__L_LJ._JlllllIlllllllllJl ttarpres e i e ey Ll br il E:{g
FIELD FORMAT CONTENTS .;i;
XR(14) F10.0 Radius of foot contact surface sphere. tjx
XR(1e) F10.0 Radius of hip contact surface sphere. gf
XR(18) F10.0 Radius of shoulder contact surface sphere.
XR(20) F10.0 Radius of elbow contact surface sphere. :
XR(22) F10.0 Radius of hand contact surface sphere. "
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LINE 391: Spherical Joint and Center of Mass Offset Distances (only if IMAN R’:

I.?;‘f}'i‘-':‘ s "
25"

@ =2 or 3)

DESCRIPTION:  Distances that spherical joints (shoulder and hip) are lateral ly
offset from the mid-saggital plane, and the anterior offset of
the major upper body segment (lower torso, upper torso, and head)
center of masses from the spine. (See description of distances in
figure A-7.) Dimensions are in inches.

FORMAT AND EXAMPLE;

SR

0 1 2 3 4 6 6 7 8 :tg
1234587890123456789012345678901234567890123456789012_.3:_56789012346678901234567890 ‘(,":"
XUH xLa EM1) EM(2) WD) I = S _:é
e o
ppep ot et r ey erv e r b b e d gt rete gt b Ll el :‘:E:
s
2
FIELD FORMAT CONTENTS vh
A
XLH F10.0 Lateral distance of center of hip joint from mid- i
. saggital plane. v
: !
; XLS F10.0 Lateral distance of shoulder joint from mid-saggital gﬁ
? plane. ¥
o 3
'i’ EM(1) F10.0 Anterior offset distance of the lower torso center of _
v mass from the spine. e
. ’_:--
: EM(2) F10.0 Anterior offset distance of the upper torso center of {u
f mass from the spine. EQ
b‘ \I
! EM(3) F10.0 Anterior offset distance of the head center of mass ;
’ frum the spine. 2
.= ’
ir«; s
g ‘o
h: :_:l
N ;;
E‘i vy
! .
3 :
CAGE v
A
3
) "
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LINE 39J: Abdomen and Chest Compliance (only if IMAN = 2 or 3)

DESCRIPTION:  Estimated force-deflection characteristics (compliance) of occu-
pant chest and abdomen under restraint system loads. The force, F,

is computed from cushion deflection, §, according to F = C(eBtS - 1).

FORMAT AND EXAMPLE:

0 1 ) 3 4 5 6 7 8 l%l
AL
123456789012345678901234567890[1234567890/1234567800{1234567890(12345676901234667890 N
CABD 8ABD COHE sCHE ‘_}_-(:::.- ; '.’3
l..‘
cerrrittnb e et v ee b e ey et by et bbb b bl L Ll 2;_:;'_
FIELD FORMAT CONTENTS t“jé
‘::""I
CABD F10.0 Coefficient C for abdomen compliance (1b). s
- e
BABD F10.0 Coetficient B for abdomen compliance (in. 1). g?!
CCHE F10.0 Coefficient C for chest compliance (1b). €
BCHE F10.0 Coefficient B for chest compliance (in."l). éﬁ.
"%
ilﬁ%g
r{?
LY

TP ¢ Ty
R SO

oo

e or
v )t "('t
Nt e

e

L on 3
!555.»

v
« 'A‘ 'l.

W
4

B
A, A KRy
.l‘(_

oy

4
£,
Fd

P4
&

N

"V A'- - N A_‘J!..
s
oo

, .
v €

F

.

A-50

1E:

[~ ~» x
A A
".l.‘l'.'




LINE 39K:

DESCRIPTION:

Axial Stiffness and Damping Properties for Spine and Neck (only if
IMAN = 2 or 3)

Axial force-deflection characteristics for the two-dimensional

spine and neck beam models and associated axial damping.

The force,

Fy, is computed from deflection, § , according to F = C(eBG - 1).
FORMAT AND EXAMPLE:

0 2 3 ]
1234567890{1234667890{123456768901234567890/12345678901234667860/1234667860/123466789
,OAX‘ BAXS CAXN (\
pptprenrgirninlerep e e el llIlIllIlllllllllllllllILJ_LJ
FORMAT CONTENTS
F10.0 Coefficient C i equation for axial spinal stiff-
ness (1b).
F10.0 Coefficient B i equation for axial spinal stiff-
ness (1n.'1).
F10.0 Axial damping i (1b-sec-in."1).
F10.0 Coefficient C i equation for axial neck stiff-
ness (1b).
F10.0 Coefficient B equation for axial neck stiff-
ness (in.'l).
F10.0 Axial damping in neck (1b-sec-in.”
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LINE 39L: Rotational Stiffness and Damping Properties for Spine and Neck (only
if IMAN = 2 or 3)

DESCRIPTION:  Rotational moment-angle characteristics for the two-dimensional
spine and neck beam models and associated rotational damping. The
moment, M, is computed from angular deflection, § , according to

M= c(eBS- 1),
FORMAT AND EXAMPLE:

0 1 2 3 4 ] 6 7 3
1284567890/12345678901234567890(1234567890/1234667890[1294667390[1234567890/1234667890 D%
OROY(1) BROT(1) Xdt 1) OROT(2) BROT(2) XJ(2) /_,,,}w-cf_’::i—: s,
dia e ee dr v s b b el e vl e e il et bt sttt d il bl idat E’.‘.‘L\‘]
FIELD FORMAT ' CONTENTS o
R
CROT(1) F10.0 Coefficient C in above equation for rotational spinal B
stiffness (in.~1b). =
BROT(1) F10.0 Coefficient B in above equation for rotational spinal é:
stiffness (rad™1). ‘tfh
S
XJ(1) F10.0 Rotational damping in spine (1b-sec). m
R
CROT(2) F10.0 Coefficient C in above equation for rotational neck hEz
stiffness (in.=1b). i

BROT(2) F10.0 Coefficient B in above equation for rotational neck A
stiffness (rad'l). %
| XJ(2) F10.0 Rotational damping in neck (1b-sec). g
) ::: :
[N ,
]
-
o
-" *
s
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LINE 42:

Dimensions of seat model as shown in figure A-9.

Seat Geometry

DESCRIPTION:

FORMAT AND EXAMPLE:

0 1 ) 3 5 7
1234567890[1234567890/1234567690/1234567890|1234567800]1234567890(1234567600/1284667890
ABEATY ZBEAY ANGBPE ANGSS XWPAN 8BHY [ 11,4

10, 12, 8. 16, .15 20. . .

Ja Ll p b bt ettty ey 1 0 O T T 1 0 1 0 Y O Y I O |
FIELD FORMAT CONTENTS
XSEAT 2F10.0 X~ and Z-coordinates (in aircraft-fixed system) of
ZSEAT intersection of seat pan and seat back planes under

the cushions (in.).

ANGSP 2F10.0 Seat pan and seat back angles (in aircraft-fixed
ANGSB system), directions as defined in figure A-9 (deg).
XLPAN F10.0 Seat pan length (in.).

XWPAN F10.0 Seat pan width (in.).
SBHT F10.0 Seat back height (in.).

SBW F10.0 Seat back width at top (in.).
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Figure A-Y, Rigid seat model geometry.
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A.l RIGID SEAT INPUT

If a rigid seat is requested by setting NSEAT = 0 on line 1, then the input
data for lines 42A and 428 following this page are required. If the stroking
energy~absorbing seat option is utilized, 1ine 42C ‘s also required. If con-
tact with the seat back is requested by IOUT(4) = 1 or 2 on line 3, the data
described in section A.2 are required. If NSEAT = 1, signifying the use of the
finite element model, 1ines 42A-C are omitted and the data of A,3 are used.
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LINE 42A: Energy Absorber Data

DESCRIPTION:  Parameters for the two-degree-of-freedom (seat stroke and rigid-
body rotation) energy-absorbing seat model. (See figure A-10 for
a detailed description of the parametars,)

FORMAT AND EXAMPLE:

0 i 2 T 1 3 6 ] 8

1234567800{1234567890(1234567990/1234567890/]1234567890(1234567880/11234567890[1234565676880

' ,} 2 ra e o2 03 D4 ANGEA oEATM
-::q‘ Lottt s vr v e e b e by g vt v b e b e v e L idad
FIELD FORMAT CONTENTS
"l
) Eg 3F10.0 Energy absorber force (1b).
' F4
D2 3F10.0 Deflections corresponding to above
D3 forces (in.), see figure A-10a.
D4
ANGEA F10,0 Stroking angle for guided energy-absorbing seat (deg), .wIRN0W
see figure A-10b, o
SEATM F10.0 Weight of movable part of energy-absorbing seat (1b). N
MO
NOTE: If SEATM Z 0 (or left blank) the energy-absorbing f A
stroke of the seat will not be used, i.e., the seat ‘
will remain fixed in position. However, lines 42A and i
426 must be included, even if blank. ngj
) NN
. Ay
't: R
' *Line not present for sample case. &ﬁé
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:§ LINE 42B: Energy Absorber Data Continued
‘v.
" DESCRIPTION:  Parameters for the two-degree-of-freedom (seat stroke and rigid-
* body rotation) energy-absorbing seat model.
:" FORMAT AND EXAMPLE:
0
,% 0 1 2 3 4 [ 6 1 8
5: 1234567890/123456789011234587890]123466769011234667690]123456567690112345676901323456789
h i RUNLOD RDAMP R e, i :
" SUNLOD 80AMP YISEAY e —_______\*“_ 1:
! rrret it ey g et er e ek e e e re e e et ety gl %ﬁ‘\.
#
FIELD FORMAT ~ CONTENTS i
&: SUNLOD F10.0 Energy absorber unloading slope (1b/in.) @%
% SDAMP F10.0 Damping coefficent for the energy absorber (1b-sec/in.). ﬁ,
. YISEAT F10.0 Mass moment of inertia of the seat about a lateral axis Al
o through point C (in figure A-9) with coordinates T
N X = XSEAT,Z = 0 (1b=in.-sec?). R
& RUNLOD F10.0 Unloading slope for rotational deformation of seat {-_;;»_
i (in.-1b/rad) e
RDAMP F10.0 Rotational damping coefficient for the seat (in.-1b-sec). r&‘i
"vl Q::E
. N
A *[ine not present for sample case. ﬂ
3 o
5
Y ‘N
By &)
N
N
! )
» g};}:
) 20y
! Y
3
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LINE 42C: Rigid Seat Rotational Stiffness Parameters

@ DESCRIPTION: App12\ec{1moment versus seat rotational angle as shown in fig-
Ur‘e - [}

FORMAT AND EXAMP:.E:

0 1 2 ) ) 3 - 7 ]
uumu_qxguuw“uunnasuamoomuuvw Y,

) p— P poRTR oonties ooNTta) D ﬁ;""\“

ittt et e b b b et i e b bt i i it bi ittty

FIELD FORMAT CONTENTS

FFRT(2) 3F10.0 Applied moment on rigid seat (in.-1b).

FFRT§3;

FFRT(4

DDRT 2; 3F10.0 Angular seat displacement (rad).

DDRT(3 :
DORY(4) NG

LY
ﬁ *Line not present for sample case.
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A.2 SECONDARY IMPACT INPUT

If contact with thrie seat back 7s to be stmulated (by IOUT(4) = 1 or 2), the
following lines of input data are required to describe the surfaces on the

seat back.
4
¢ :' 4
s
i N
Py
R
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s
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. Line 42D: Seat Back Contact Surface Dimensions

A

‘N escription: Dimensions of contact surfaces on seat back, as illustrated in
- figure A-12. Also, the seat row pitch is included.

rormat and Example:

E 0 1 2 T3 ‘ ) 6 1 8
w 1234567890[1234567890/1234667800[1234667890{1234567890/12345678901234567890[1234567890
] T wrt urT AR wan HAR xLAR 8PITOH
3’ NIRRT RN R NN NN N NN NN N R AN N
32 Field Format  Contents
_" TTT F10.0 Distance from top of seat back to top edge of stowed
v, tray table (in.).
2 WTT F10.U Width of tray table (in.).
% HTT r10.0 Height of tray table (in.)
R TAR F10.0 Distance from top of seat back to top of armrest (in.).
\\ WAR F10.0 Width of armrest (in.).
. HAR F10.0 Height of amrest (in.).
R XLAR F10.0 Length of armrest (in.).
:. SPITCH F10.0 Sedat row pitch (in.).
s c'_y-;‘.:
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o Lines 42E,F,G: Seat Back Force-Deformation Properties ‘r'ﬁ:{;
' ) 2 ‘-.-.‘ .
"y Description: Force-deflection characteristics and damping for seat back sur- SRS,
W faces. The force is computed from deflection, § , according i
" to F = c(eBd - 1).

Format and Example:

‘Q'
i 0 i ) 3 7 % 7 —% '
P 1234567890[1234667890(1284567890/1234667890/1284567890/1234567860/1234667890/1234567890 ;ﬁ
il COON BGON pCcoN FLIMIT ‘I'
[ ot
“ v
\:\' TIPS U0 O 000 U 0 0 U 0 U O U 1 TV O U 0 0 VO 00 0 1 U O 0 O U O 1 U O U O O o :
x Field Format Contents
'
.i CCON F10.0 Coefficient C in above equation (1b).
W BCON F10.0  Coefficient B (in.™1),
0 DCON F10.0 Damping coefficient at zero load (1b-sec/in.).
A‘
. BN FLIMIT F10.0 Maximum Tongitudinal force that can be exerted to the
o surface.
o8
' Three 1ines of data are input in the above format. The first (42E) applies to
the cushion surfaces (1, 3, and 4, in figure A-12). The second line (42F) e -
o applies to the tray table (2 in figure A-12). The third refers to the armrest E%;{k
b2 surfaces (5-8 in figure A-12). N
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A.3 NONRIGID SEAT INPUT

1'_‘:‘.-'.\3 ERT R

g

It a nonrigid seat is requested by setting NSEAT = 1 on line 1, then the input
data described on the following lines is required to define the finite element

seat model,
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LINE 43: Basic Seat Model Data

DESCRIPTION:  Control line for finite element model describing the number of N
items in each segment of the model (used to control reading of
1nput cards) and the integration parameters.

FORMAT AND EXAMPLE:

0 1 2 3 4 b ] 7 8

12345667890(12345670890/1234567890(12345667890(1234567890112345667800/12345667880(123488

ot S G RO S S e S TR ol

WioDE | NeLe |WuMuAT | wowoie |Nponee (Kcoomd| wako? | ceux | | et
P}I Lllzlolljzlyllll2llll[.llllﬁLi_J:;flLll211'lslolllllLlll Lol ity eyttt
? FIELD FORMAT CUNTENTS
S’ NNODE 15 Number of real nodes.
& NELE 5 Number of elements.
? NUMMAT [5 Number of materials,
Ei NUMDIS 5 Number of displacement-specified node points (at which
S the aircraft displacement, velocity, and acceleration
" are applied). iﬁﬁf“
! NDGREE 5 Number of degrees of freedom per node (= 6 this version).
:: NCOORD [5 Number of inactive beam pointer nodes, which are used

to orient beam cross sections. A real node can be
used as a pointer node. Also, a single node can be
used as a pointer node for more than one beam.

A

NSECT [5 Number of different beam cross-section types.

PaW SR 2E 28
AN ey

2a

CBUK F5.0 Buckling coefficient for beams of closed cross-section.
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E?c LINE 44: Miscellaneous Control Flags E* g
Ny Nl
nié DESCRIPTION:  Parameters for controlling execution of finite element seat simu-~ A
! — " lation. eﬁc
’ FORMAT AND EXAMPLE : %g '
-”. 8
¢ 0 1 ) 3 4 3 8 7 8 AN ey
1234567890[12584567890/1234867890/1234567800(1234567890(1234567800({1234667890(1234567890 !
')' KNTAL(1) KNTRL(2) h ;
X 5 5 D
" Lottt by L e bttt el e e g ey ey it Y
:} 1,-:‘“
| rrw FORMAT  CONTENTS b
% KNTRL (1) I5 Maximum number of iterations for convergence within a time E£§
v, step (Default is 5). )
\] wote
; KNTRL(2) I5 Number of increments to enforce the floor warping. A
i (See Lines 55 and 55A.) A value of 10 is recommended o
:_ for cases where the floor warping produces plastic Q,~f
- and/or large deformations of the seat finite element PRI

model . '?1-
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'{i_:-, LINE 45:  Material Type Number
'fﬂ DESCRIPTIUN:  Material type designation number. Repeat group 45 through 47 in
e sequence NUMMAT times, as specified on line 43, one sequence for
oy, each material,
R
W FORMAT AND EXAMPLES:
W
K
,{‘:n 0 1 2 3 4 5 G 1 8
. 1234567890[(12384567890[1234567890/1234567890[1234667890)»"_ 46678901234567800[1234567890
O . MYTP MAT M__" - —- e
:..\- lLll‘lLZlULzllil-L]laLLnlLlllll sl et e regvreee et e b g e e rr ettty bt
K-
\ FILLD FORMAT CUNTENTS
g? MYTP 15 Material type designation number. The element data on
. line 51 specifies the material type by referring to
@i this number.
e
y MAT Al0 Material type description used as heading for material
e property output.
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Q _ LINE 46: Material Properties
N,

DESCRIPTION:  Material physical properties as desciibed in figure A-13.
& FORMAT AND EXAMPLE:*
N
A
' 0 1 2 3 4 5 (] 1 8
‘h: 1234667800]1234567890]1234567890/1234567800(1234567890{12345667890/12346678001/1234567890
E(1) E(2) [{F}] E(4) ({{}} ({{}] [132) [{{}}
o L 588E-4 10.5E6 44000, 4,95 62000, .3
b L e VL Ve bl tr e b v bbb era e e ey byl L
]
r FIELD FORMAT CONTENTS FOR BEAM ELEMENT
E(1) £10.4 Density (1b-secZ/in,d)
E(2) E10.4 Modulus of elasticity (1b/in.%).
E(3) E10.4 First yield stress; s, (1b/in.2) = 0 if elastic.
E(4) E10.4 First plastic modulus (1b/in.2) = 0 1f elastic.
E(5) E10.4 Not used.
E(6) E10.4 Ultimate stress; Syt (1b/1‘n.2) = 0 {f elastic,
E(7) E10.4 Poisson's ratio.
E(8) E10.4 Not used, '
*Exanple for the first of two groups, determined by NUMMAT = 2 on line 43. .'_2'.%-.
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LINE 47:

DESCRIPTION:

Material Properties (continued)

FORMAT AND EXAMPLE:*

Material physical properties as described in figure A-13.

0 1

2 3 4 6 [] 1 8
1234667800[1234667890{1234667890{12345678901234667800/1234567890/112345676890(123456789
[{{}] €010) [ ($R)) [(3}] E(18) EC14) [ (81 [ (R1 1]

58000, 6.2E4

(SO N N IO 0 O N O O A O O 00 O O O v B Ladd i ee it rtel

F1ELD FORMAT CONTENTS FOR BEAM ELEMENT

E(9) £10.4 None.

E(10) E10.4 None.

E(11) E10.4 Second yield stress, s, (1b/in.%).

E(12) E10.4 second plastic modulus (1b/in.2).

E(13) E10.4 Strain-rate coefficient = 0, no strain-rate effect
considered,

E(14) E10.4 Strain-rate exponent = 0, no strain-rate effect con-
sidered.

E(15) £10.4 Explicit moment curvature flag 1, use explicit nmoment
curvature option §p1ate; 0, ignored explicit moment
curvature option (plate).

E(16) £10.4 None.

*Exampie for the first of two groups determined by NUMMAT = 2 on line 43.
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LINE 48: Beam Cross-Section Data (only if NSECT > 0 on line 43)
DESCRIPTION: Beam element cross-sectional properties as described in figure A-l4. Q&é* )

Repeat group 48 and 49 NSECT times, as specified on line 43, one
sequence for each cross section.

FORMAT AND EXAMPLE:

0 1 2 3 ) 3 6 7 )
12345676901234567800/1234567800/1234567890/1294667890/1234667890(12845678 oiigééggggm
NAEG KLOS ABM FIXX EiYY Fi2z
R

NEEBEEN| : NAEREUE! P I 110£Jﬁ4if| lqu.liE]F s Gty PIW} fl“h AN ENEENENE RN
rlELY FORMAT CONTENTS
NSEG [5 Number of plate segments in beam cross section.
KLOS I5 Flag for closed-wall sections.

= (J; closed wall

= 1; open wall.
ABM E10.4 Cross-section area.
£ IXX 3£10.4 Cross-section moments of inertia about x, y, and 2
FIYY principal axes, respectively. The cross section for
FlL2 each beam element is oriented by specification of a

pointer node in the element data on line 51,

*cxample for the first of two groups, determined by NSECT = 2 on line 43.
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Line 48A: Beam Cross-Section Data {only if NSECT >0 on 1ine 43)

.\i.‘}
-fqﬁﬁ UDescription: Beam element cross-sectional properties as described in fig-

ure A-14,

N Format and Example

I, -

| 5 I , ST ] ] ey
'." 1234667890/1234567890[1234567890{1234567890[1234667890[1204667890[1234667890[1234667890
L) YN IN Yyoa 1040 - B

| 0.0 0.0 o.of 0.0 T N .
N st rad e b o v s b e e ey brocn g a LT e
Ty

%

Field Format Contents

L YN 2F10.0 Y and Z coordinates of the beam end node point.

» IN (see figure A-l4a),

o

L)

i'l 1Y * X (] 4+

K YCG 2F10.0 Y and Z coordinates of the cross-section centroid

_ ZCG (see figure A-14a).

N

*Lxample for the first of two groups, determined by NSECT = 2 on line 43.
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B .. LINE 49: Beam Cross-Section Data (only if NSECT > 0 on Line 43)

R DESCRIPTION: Beam element cross-sectional properties as described in fig-
ure A-14.

2 -

NOTES: (1) Repeat line 49 NSEG + KLOS times, following line 48.
(2) R$peat the sequence of lines 48 and 49 NSECT times, as defined on
line 40,

FORMAT AND EXAMPLE:*

&
o 0 i ) 3 i Bl 8 7 )
| 1234667890/1234567890{1234567890(1234567890[1234667890[1234667800/1234867890/1234567890)
- ) ) 7 ' T r—— T |
3 I_LLI'IH'IU1_.1_1_111'18131&llllll'LOIBIZIIIIIllll AR NN NSNS
' FIELD FORMAT CONTENTS
Y(I £10.0 Cross-section coordinates of point at
FAQ! E10.0 beginning of segment I (in.). (See
figure A-14a.)
T(1) £10.0 Segment thickness for seguent between
points Tand I + 1 (in.).
*Example for the first of eight lines based on NSEG = 8 and KLOS = 0 on line 48.
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LINE 50:
DESCRIPTION:
NOTES:
FORMAT AND EXAMPLE:*

Nodal Paint Data

Repeat line 50 NNODE + NCOORD times.

Finite element node number and nodal coordinates in global system.

0 1 ) 3 4 5 6 1 8
1234567890]1234567890]1234567890|12345667890(12345617690(1234567600{1234667800J1234686

N XG(N) YOIN) ZG(N :}-é:‘/m
LLJl1 Lratbien 1111%' Ll nlnuﬂf Ll 111110f b b ere by e gl
FIELD FORMAT CONTENTS
N I5 Node number.

5X

XC(N) £10.4 X
YCEN{ E10.4 Y coordinates of node point (in.).
ZC(N E10.4 L

*Example for the first of 22 lines, based on NNODE = 20 and NCOORD = 2 on line 43.'i““f¥5'1
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&, o
& A
% . LINE 51: Element Data .
et R0
Dyt DESCRIPTION:  Individual element property descriptions. %
NOTE: Repeat line 51 NELE times.
\'.. ’ “‘ 0
B FORMAT AND EXAMPLE:* £y
l": | ":1 ()
R 0 1 ) 3 1 3 3 7 ) ﬂﬂls,
ey 1234567890/1234567800/123456789 12345675901zaase7890123456739012345evssoxza;sa7agJ e
) M NCDE(1) | NODE(R) | NODE(S) | NODE(4) NODE(E) NODE(#) | NODE(Y) | NODE(8) | NODE(S) |NODE(10XNODE(1 1)|NODE(12)[NODHEI1S) : ::
'T§ 5 6 2 21 7 2 ooo| o010 000 010 .‘tg
1K JLLbrrred vttt creaad el g b dr ety e ittty el ,.L.
. ",
FIELD FORMAT CONTENTS FOR BEAM ELEMENT
M I5 Element number.
NODE(1) 215
NODE(2) End nodes. g
AR
Noos(ag 215 Not used. Py
NODE (4 H
Y
NODE(5) 110 Stiffness flag X
= 0 Use plastic beam stiffness r,
= 1 Use elastic beam stiffness R
LJ‘.‘: *
NODE(6) 15 Cross-section type. The first set of lines 48 and 49 E »
is assumed to be cross-section type no. 1; the second, «:
no. 2, etc. \ el
ok
NODE(7) 15 Pointer node for orientation of initial principal o
beam axis Y. ::“r
NODE(8) I5 Beam element = 2 t§“¢
. ) “
= NODE(9) 15 Material type (assumes 1 if left blank). ‘gf‘
$ NODE(10) I5 Beam-end conditions (forces), at end i, figure A-14(b) :
%& ABC (packed word, right justified)
T A = Force release in x-direction, if 1.
oy B = Force release in y-direction, if 1.
' C = Force release in z-direction, if 1.
NODE(11) I5 Beam-end conditions (moments), at end i, figure A-14(b).
DEF (packed word, right justified)
D = Moment release in x-direction, if 1.
E = Moment release in y-direction, if 1.
F = Moment release in z-direction, if 1.
*Example for the fifth of 27 1ines, based on NELE = 27 on line 43.
3
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E.- 3
N g
' o,
"{.‘ FIELD FORMAT CONTENTS FOR BEAM ELEMENT ‘ ‘?:',
B BEe
N NODE(12) 15 Beam-end conditions (forces), at end j, figure A-14(b) &:ﬁ:ﬂ:&?
' 0PQ (packed word, right Jjustified) —
o 0 = Force release in x-direction, if 1. e,
A P = Force release in y-direction, if 1. e
R Q = Force release in z-direction, if 1, p
) ' OO0
o NODE(13) 15 Beam-end conditions (moments), at end j, figure A-14(b). .",2:'..!
* RST (packed word, right justified)
" R = Moment release in x-direction, if 1. L
s S = Moment release in y~direction, if 1, hG!
Ry T = Moment release in z-direction, if 1. ;2‘
i St
3 hBse:
¥ EE :
4“; i
AA] % A8
R
_
: -
k. ) tﬁ";
' ,
7 Ress
0 '
. &
3 i
: l,ql‘
3
ke
"
X
g
K
¥
K
o
A-78
e T T T T A e N g BN N A S N I S B T




A T _FoTaTn

)
N
]

E

LINE 52: Seat Pan Nodes

DESCRIPTION:  Nodes on which seat cushion loads will be applied, and which are
used to define the seat pan outline for the occupant plots.

FORMAT AND EXAMPLE:

0 1 2 3 4 ] (] 1 8

1234567890/12345667800[(1234567800{12345678080/(1234667890(]1234667890]1234567890/12345667890

NPAN(1) [ NPAN(2) | NPANCS) | NPANKA) | NPAN(S) | NPANCO) | NPANCT) [ NPAN(B) | NPANCS) [NPANCIO) INPANLT 1) INPANI2)

5 6 6 Y RE 7 B8 1

preaderee e i ittty rrd e i et pry et ettt ity
FIELD FORMAT CONTENTS

NPAN 1215 Nodes on which seat cushion loads are to be applied,

input on rear edge first, then forward edge, and from
right to left, as shown in figure A-15,

Note that in this example node 6 is used as NPAN(2) and NPAN(5), node 14 as
NPAN(4) and NPAN(7), node 7 as NPAN(6) and NPAN(9), and node 15 as NPAN(8)
and NPAN(11).
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LINE 63:  Seat Back Nodes :;
oy

DESCRIPTION:  Nodes on which back cushion loads are to be applied, and which are ﬁf
used to define the seat back outline for the occupant plots. g

FORMAT AND EXAMPLE:

-

™

0 1 2 3 4 b ] 7 8

125466789012346676890/1234667890/12345667890/11234567890/12346067890/1234567890/1234567890

; o
; NBAK(1) | NBAK(2) | NBAKI3) | NBAK{4) | NBAK(S) | NBAK(8) [ NDAK{T) [ NBAK{S)[ NBAK(9)|NBAK(10)|NBAK(11)|NBAK(12) _':_:Lb—-:\\ ;:'_ &
- e ¢ = h‘ )
ﬁ: 11||5 11116 111“7 111Ha Liljé JJI 111H8 L it L1y 3,1113} WL ARERERRURA SRR NUAE, ?::%
9] ﬁ;“
!ﬂ' T_‘
FIELD FORMAT ~ CONTENTS o
{Q NBAK 1215 Nodes on which back cushion loads are to be applied, tﬁﬁ'
input on lower edge first, then top, and from right to o
s left, as shown in figure A-15.
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T e e

s A

- 5 Note that in this example node 6 is used as NBAK(2) and NBAK(5), node 7 as NBAK(6)
% and NBAK(9), etc.
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LINE 64: Restraint System Anchor Point Nodes

e 0'_!"
S"f
Lok

e

DESCRIPTION: Nodal points on seat structure to which restraint system is
attached as shown in figure A-15.

FORMAT AND EXAMPLE:

AT
>3

L

0 1 2 ] 4 b 0 7 8

S
o’

e g

Sy

i

1234567890|1234567890]1234567890)12345667800{1234567800]1234667890/12345667890/123456789

SAMAAARS G  CARTWT TR St os 1 ape

NLBACY) | NLBAC2) | NLIACD) | NLMAC4) | NLBA(B) [ NLBA(S)| NSHA(1) | NBHAC2) | NSHA(3) | NBHALA) | NBHA(S) | NBHA(S) '4‘
of 1ol 1o 11 11 12 J§§ :

ISR AL bt e ey bt el i BTSN AN RN _dg

FLELO FORMAT  CONTENTS :::g,

f

NLBA 6. Seat structure nodes at which lap belt is attached, G

right side first, then left, as shown in figure A-15., Qiﬂ

Not used if lap belt is attached to aircraft floor. i 8

NSHA 615 Seat structure nodes at which shoulder harness load is L
to be applied (one node), or distributed (two nodes). 5

Leave blank if shoulder harness is not used or not Ay

attached to seat. il

A

Note that for this example node 10 1s used as both NLBA(2) and NLBA(3), and node ,aﬁ§§f

11 is used as both NLBA(4) and NLBA(5), as common points of attachment for lap- i

belts gsua]ly found transport seats. Also, in this example no shoulder harness A

is used. N
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LINE 55: Node Constraint Data

r@ﬁ DESCRIPTION:  Packed (encoded) word for each nodal point that is constrained in
‘ at least one degree of freedom.

E NOTE: (1) Repeat 1ine 55 NUMDIS times. Omit if NUMDIS = 0.

) (2) If any of the displacement/rotation codes is set to 2 to enforce floor

; 4 warping, include line 55A immediately following the corresponding

o 1ine 55 data. ,

a FORMAT AND EXAMPLE :* ggﬁg
0 S
: 0 i ) 3 i T gl T ¢ (] 8 ;__'3\\;
g 1234656789011234567890[1234567890112345617800[12346678901234567890/1234667890(1234567880 téi?
i NOOIS N s e, CE et R B e

g | 4208, J o -
1 Lid i st dep el e ey rer ety st liada iy b e e e it b\%j:{
|q' 'n".n‘
w0 2

'y s

ZILRIIIS 1 T
[} i

FIELD FORMAT ~ CONTENTS

NODDIS 110 Pack?d word - NABCDEF (right justi- ’
fied

-
-

1
X
=

Node number
Displacement code in X direction

N
A
B = Displacement code in Y direction T
C = Displacement code in Z direction v ’zi
W D = Rotation code in X direction i
W E = Rotation code in Y direction
) F = Rotation code in Z direction 2
A, B, C, D, E, or F = 0, no constraint DN
, = 1, constrained for zero dis- N
& placement/rotation PO
! = 2, constrained for floor warp e
; displacement/rotation. kY
! -
o RO
A *Example for the second of five lines, based on NUMUIS = 4 on line 43, and kﬁ?;ﬂ-
W displacement/rotation codes set to 2 on line 55. i
’: ' ;“:"" 3
R W
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LINE 55A: Floor Warp Data

\ ¥
. iy
DESCRIPTION: Floor warp displacement/rotation. Qﬂﬂﬁiﬁ

NOTE: (1) Repeat line 55A for each displacement/rotation code set to 2 in.
1ine 55, in the order from displacement in x-direction to rotation
in z-direction.

(2) rotations are input in radians.

FORMAT AND EXAMPLE :*

0 1 2 3 4 ' 5 6 7 8 -

X

1234567890/1234567890(1234567800(1234667890[1234667890[1234567890[1234567890(1234667890 E
FWARP ;
-0.5 kd
it d ety et e e et ep e et gt b i il i ,‘:;
Egz
FIELD FORMAT ~ CONTENTS 5¢%
FWARP E10.4 Floor warp displacement/rotation. %

2

_'.- i'

*Example for the third of five lines based on NUMDIS = 4 on line 43 and dis-
placement/rotation codes set to 2 on line 55, e
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o APPENDIX B
Qo .t

o
-

EXAMPLES OF OCCUPANT CHARACTERISTICS AND MATERIAL PROPERTIES

-
=

A significant problem encountered in mathematically modeling a physical system
1ies in determination of system characteristics and properties. In this appendix
are presented examples of the following:

ZEZ
22

e |

™

—.

¢ Occupant dimensions and characteristics.
¢ Restraint system webbing load-elongation characteristics.

¢ Cushion load-deflection characteristics.

a’ a K B A St R w e _a FEEEEE

o Structural material stress-strain characteristics.

The characteristics and properties contained in this appendix are, of course,
not intended to be all inclusive, but rather are intended to provide the SOM-LA
program user with examples that may aid in setting up new input cases.

@ B.1 OCCUPANT MODELING CHARACTERISTICS *
X As described in chapter 2, dimensions and inertial properties for two standard ﬁikfh
s occupants, a 50th-percentile civilian male and a 50th-percentile anthropomorphic );fwi
Y (Part 572) dummy, are included within the program. If a nonstandard occupant s
R\, is desired, additional data must be provided on lines 39A through 39L. The W0R
T\ o format for nonstandard occupant data is displayed in figure B-1, and parameters e
are defined on pages A-37 through A~52. In figure B-2 are presented the proper- v
N ties that are used in the program for the standard (Part 572 50th-percentile) g
) dummy occupant. Figure B-3 presents a set of data for a 95th-percentile dummy, R
" which have simply been scaled from the 50th-percentile data. The use of this s
' scaling method is not suggested if measured properties can be obtained; however, "
to complete a partial set of properties or obtain a quick estimate of the solu- ok
tion, use of the scaling approach can be justified. -
53 The scaling method is based on multiplying the 50th-percentile properties by ety
,j the appropriate nondimensional scaling factor. All properties with length di- ﬁﬁ§\+
! mensions are multiplied by the ratio of nonstandard occupant sitting height to NS
g 50th-percentile sitting height. In this example: o
: . 95th % Sitting Height _ 37.8 in. _ | o« ey
& Length Factor = Foip—7ST¥tmg Metght - 357 Tny - 1-06 NS
‘g Similarly, occupant properties based on weight are scaled by the occupant weight h&;ﬁ
\ ratio, i.e.: R
." v
. - 95th % Weight _ 212 1b _ " iraee
:j The factor for scaling moments of inertia was derived from a dimensional analysis }i}fn
i for the variables involved. The resulting scaling factor is: {;{§;
" p'.-:"' )
e, Moment of _ (95th % Weight) (95th % Sitting Height)? |45 N,
4 = . n‘ A
o Inertia FActor — (5oun % Weight) (50th & Sitting Height)® e
S R
_"- B-1 ."
i 2
"" AN NI T D U ) A e L A e S --"l~.€'-“f_-.‘;‘r’*"‘" i




Since there is no valid basis for scaling stiffnesses, the 50th-percentile spine
and neck stiffness properties were retained. ~r$x ¢

B.2 WEBBING LOAD-ELONGATION CHARACTERISTICS

Figures B-4 and B-5 present static load-elongation characteristics for several
types of nylon and polyester restraint system webbing, respectively. Very 1ittle
dynamic data for webbing deformation exist; however, figures B-6 and B-7 present
some dynamic results taken from reference B.1.

The damping coefficients for the restraint components are based on three assump-~
tions: that the webbing damping coefficient is not a function of strain condi-
tion, that it is independent of strain rate, and that the Voigt-Kelvin model
(shown in figure B-8) can be used to represent the webbing.

The first assumption allows the use of a linear approximation to the static
and dynamic load-strain curves for the webbing material. The single slope

;. approximation should be the best estimate for the expected range of webbing

\ loads, and not for the entire curve. The second assumption indicates that the

kY damping coefficient will be appiicable to all possible strain rates encountered

e in the simulation. The accuracy of the damping coefficient can be maximized

= by basing the calculated value on dynamic webbing test data measured at an appli-

) cable strain rate. The procedure for calculating the damping coefficient for

b nylon webbing (MIL-W-4088 TYPE VII) is given below.

YRS

o The static load/elongation curve for the nylon webbing sample is shown in figure Lok

b B-9. A linear approximation tu this curve 1s 11,000 1b/in./in. over the expected LN
Joad range of O to 2000 1b. The slope of the dynamic test data, measured at a e

. strain rate of 40.9 in./in./sec, is approxinated as 26,000 1b/in./in., Based RN,

% on the assumption of a parallel spring-damper model, the dynamic load at any <

elongation value must be equal to the static load plus the damper force, i.e.

, Poyuamic = Pstatic * Poampin
b = Ke + C€ (B-1)
- Where: &
. K is slope of the load/strain curve (1b/in./in.) -
X C is the damping cuefficient (1b-sec/in./in.) N
k. e is the strain (in./in.) AR
- ¢ §s the strain rate (in./in./sec) NI
: '.:A“b:'
" Therefore, the damping coefficient can be calculated using k;r."
r. SN
3 PhynaMIC - K el
2 ¢ - 2L = B (B-2) 5%
Y 5 tﬁI_W
P )
Pl Usiny as representative point a dynamic load of 2000 Th and 0.0825 in./in. strain,xxiy
N the damping coefficient for the nylon webbing is calculated as RN AN
. A
] :‘:‘:’:
-4 B-2 oy

S

5
ML
L
v
O
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e
\

C o« 2000 1b - (11,00 1b/in./in.) (.0825 in./in.)
40.9 1n./1in./sec

= 26,7 b= sec
WA

B.3 CUSHION LOAD-DEFLECTION~-CHARACTERISTICS

The seat cushion represented in Program SOM-TA accounts for the stiffness and
damping properties of the cushion combined with the occupant buttocks. This
modeling approach is desirable in order to avoid the numerical problems asso-
ciated with springs in a series configuration. An experiment was perfomed to
develop load deflection properties for representative cushions., The experiment
consisted of applying a known static load in the downward direction to the lower
torso segment of an Alderson VIP-95 dummy. This downward load, which was applied
at the spine base plate, caused both the buttocks and cushion to deform. The
deflections of the combined system, bultocks and cushion, and the buttocks separ-
ately were measured for each applied load.

A description of the cushions used in load-deflection tests is yiven in table Bl.
The cushions were selected to provide a spectrum of the possible cushion con-
figurations that the user may select. Conbined load-deflection curves for the
VIP-95 buttocks and cushions are presented in figures B-10 through B-14. The
form that the load-deflection curves take is a linear slope followed by an ex-
ponential stiffening as the cushion and occupant "bottom out." These curves

can be approximated by an expression of the form:

Fac(eBd . ) (8-3)

Representing the load-deflection curves with a smooth function alleviates a
convergence problem encountered previously with the numerical integration around
the slope-change points of a piecewise, linear representation. The exponential
representation of the five load-deflection curves, developed with a least-squares
approximation routine, is presented as the dashed Tine in each figure. Also
presented in this section are the separate load-deflection curves (figure B-15)
for the Alderson VIP-95 dummy buttocks when tested with each of the five cushion
types. This is presented for the user who may want Lo synthesize a combined
load-deflection curve by adding the desired cushion properties determined under
a rigid indenter to an average deflection curve for Lhe dummy buttocks. The
indenter should be configured like the dummy.

B.4 STRUCTURAL MATERIAL STRESS-STRAIN CURVES

Figures B-16 through B-20 present approximated stress-strain curves for three
steels and two aluminum alloys. From each of these curves, six characteristics
are provided as input to the finite element seat nmodel.
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TABLE B-1. TYPE DESIGNATION AND DESCRIPTION OF CUSHIONS FOR

K
»

OAD-DEFLECTION CURVES e
' LOAD- £ fﬁiz
N Type o
£ Number , Description : .:,:'
19 \ |. \
k) 1 Contoured, multilayered cushion designed tc minimize occupant re- .\j}.“"
. bound in crash situation. gy
’ : 2 Contoured, rigid foam cushion designed for negligible deflection. E‘}I
b .1}5“:‘ o
hS 3 Contoured furniture foam cushion approximately 1.5 in. thick (unde- a
. formed) over buttock contact area. e
A 4 Furniture foam slab, 1.2 lb/ft3 density, approximately 3.0 in, thick %
] (undeformed). R -
IR
g 5 Furniture foam slab, 1.4 1b/ft3 density, approximately 3.0 in. ?_f‘ 4
CN thick (undeformed). ol
’ * Fi.‘\'-: \
» ;l’\'-'. '
" B.5 REFERENCES 'PA
% . ]
¥ B.l. Kourouklis, G., Glancy, J. L., and Desjardins, S. P., The Design, Develop- ‘:..‘EM‘.:;.’;A
ment, and Testing of an Aircraft Restraint System for Army Aircraft, Dynamic 1 ‘
. Science, Division of Ultrasystems, Inc., USZ&MRDE Technical Report 72-26, ‘33: ‘
e Eustis Directorate, U.S. Army Air Mobility Research and Development Lab- ey
. oratory, Fort Eustis, virginia, June 1971, AD 746631. ?j%
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- Figure B-6. Load-strain curves for MIL-W-4088 (Type VII)
‘ot nylon webbing for static and rapid loading
i& rates (from reference B-1).

N

o

ISADGC 1. ZAAKA

o

Ly

SR A e

B-8

-
ik}
Caf
E &
P -

S ‘..r\‘.";._‘r;‘:;.:\“:q,\ :: :\_‘; \‘-‘u\\‘\"' "\ >\ '\.;A'. \‘:. A-..‘\ : -
o , ) L) .3 & b B . - -

\d

> 3
}‘a

l,
‘l

[
I
k-4
7
‘..
g

*




A
1 . . I
7250 - L
7000 |- I\ 43 i
I\ @ L)
| \ Failure|g :.j'
L I \ - i.”-. 4
/ A%
/ H ll.
6000 - i 6100 .
Wy
1 , N
- .. Dynamic ! .
] \/
]
k. 5000 (- -
‘. I *2 ]
E e / ’ﬂ;
:g e‘ L. / - :: 3-
4 i .-
& | / Yo
3 / %
3 9 4000 | - P
4 0 / b'li Y -
Ay — Ll
I o / ;-{;- By
! hasst p— XY o
RS s / i
' l'. ..Q ::( xw
.1':(. 2 A,
A 9 3000 - 5
= '.:;'n
.‘J i’::‘“:‘
Static %,
: & |'°:‘:
ub ".:"A'
K 2000 - "y
. .‘ 3
A . Y
0y "%g‘f v
b 1000 -
v h '-..-:l‘
'3 AR Y
W - )
ot A
'Al } EA"I
- 0 '
;‘m 0 5 .1.0 15
.!‘:.
o Elongation - percent
."*‘
K
" Figure B-7. Load-strain curves for MIL-W-25361 (Type II)
e polyester webbing for static and rapid loading
) o
.t rates (from reference B-1).
)
n:
N
»

B-9




LW TR

hospan e

K (lb/in.in.)

C

Figure u-8,

ALl

(lb-sec/in./in.)

82 09003 LB

Voigt-Kelvin model of restraint
system webbing.

6-10

'( ‘;),'\'!'\( :-}', 7 :p ?TH-‘L“( \ ;*"._‘-.,: l‘:t.: b".;‘. . r

A Y .

e

P =4

) ol K
s.‘: 2
o8 B B

S e

AR
1

L 55'
.'('::'e_': ;

& K A

(AT L



SR

o
S

LB
o

o

- L th‘_:l_(_ 'l

. LI

- - e
P R

; A i

- ;:.- B0

Webbing load (1b)

‘\. a! l.hl.l

6000

5000 =
4000 =
3000 -
2000 |-
1000 |~

11,000 lb/in./in.
) 1 1 1 L
0 5 10 15 20 25

Elongation (percent)

Figure B-9, Stress-strain curves for MIL--4088 (Type VII)

nylon webbing for static and rapid loading rates
with linear approximations,

B-11

bl T e N

3 82

681 0900

R O R A LA VG EL B A AR SR N o
) L LRy RS W RY LR Y, 2 tad 4 ' vd e B 5

)

s %E‘
s Iy " Tt
e e

“ &
c

Af

[y
B
|
\

*
A
'

e

-]

oy

b
Dy
52

>
=

- ¢
o’
Pl

, WE

L
Sy
o

£3

4

PP
5‘ :c
PSS




-$%2011nq pue SLA[9d Auump G6-dIA pue uorysnd T adA] Joy
u0131P1UdSa4daA [B13USUOdXD PUP DAIND UO13DI[49p-PeO] pauLquwo) °QT-g a4nbid

“ur - WOT3IDITFA

)

f“ "il“’\n."\'

T
-
N

6% 60060 o

I .
pFF LA A TR o T A

oz
0 f
\I\\!‘_O ‘xf
20
—00S 7
y
\
—10C01 s
N
—
e -
|O =
o
o
— 0061
T.
o 'd
7
—1000¢ -
£
—005¢
..9)9°¢L = 4 :ucrlPplussaadax TeTiusuodxy
9TE"T )
! ~ 1 _ 000¢ 7
Pt
L
p:
2
TN 7 A A e R N S Y R e R S s ST LSS T,
.rl!;\.a\l«\,-b/\-l\ = ',l..n.‘dn\n‘\. Y e * WY nae S W A

B e d T :



P : u i
; uu\%ﬁ..-%ﬁnﬂt.v LTSRN, 1 L L RN

- , - " ) : .. v . . } N . “‘\‘\".I“)' N‘\%N.M \Tm. 6 o . ‘.,w 9 ,I\.I‘l L\i.l'.‘. ‘. *l‘

S AN c 2 H
e ti T xR v e S S Pl s \In‘u SRR ety k¥

*S$¥3031NnQ pue SiAjad Auminp Ge-dIA pue uorusnd g adAyL 4oy
U0 131P1UdSoudd4 [P13UDUOAXD pUR 2AUND U011 |JIP-PpRO| DBULGWOD °T1-§ d4nbLd

‘ut -- uoI3oa1Iad

R st 0°¢ sz 0°z 51
T T | I . o
i 005
i c00T
(3o ]
4
?
= o
o]
o]
jo )
] 00ST |
—
o
] 0002
(T - 50221 9TC = 4 :uoT3e3uesaades TeTiUSUOdXT
= 00SZ
~
| | _ = _ —L : 000€
25 <.
rah. s o e ”.J.uo.'.-\..l
Rt R e S T T R S R S - R : AR T



o Pk i ool - - s o

,,WJ, -, e &WWMWM\.LWNW ; sl INSEINE = ;hwmul > A S . ,.ui(hLF
S ?ﬁ! mﬂ“ n . ‘ P ; 3 . >, . T Ay,
< Bty .._ 722 : \:ﬂ& £ utv._mmu:nhnmwmmm s 3

S e - . PO o - A

ﬂ..‘ =+ fod 1 - .- o A ol d .
%) A

*$%5021nq pue SiAdd Aummp Ge-4IA Pue uoiysnd ¢ adAl Joj
uo11P1Udsoudod [21IUBUOCXS pUR SAJIND UOLIDD|JOP-PeO| pauiowo) “27-g aunbld

*UT - UOT3IOSTISA

-1 005

0001

GosT

qr - peoq

|

0002

|

00S¢

LT Z

]

i

]

i
.— (T - 2)0E°C = 4 :UOTIPIUSSAIdIA Terjusuodxy
]
1
1

tz £0060 t@

1 L 1 L ! 000€

o : A
T Rt £ t
Mmm SEEAL . AL



*S¥0031nq pue sia(ad Awunp G6-dIA pu® uoLysnd 4 2041 204
u011P3uasauadad [erjuauodxd PUB IAUND UOLIDDJSP-PRO| DBULQED) “£1-0 du4nbLi

‘ur - uoridafzed

ST¢ 0°¢t S°¢ 0°¢ S°T 0°1 s°0

~ _ _ R N Snpsnp—) —pr b b

——
- — —
— —

i
i
= i1
!
)
]
)
. -
- I
- !
“ ] {1 - mmm.qu 981°0 = 4 :uorjejussaxdox [eTjuducdxmy
S I I 1 L " n i
B e 2o 5 A
RS, e
- g e, ) o T PR lr, FIOPISPE: LoARRnnr  Ccogo¥dd. WUWERTERF = AL

\




o s Y o - \WQ'., EYe, T et ] -
ol n..rranxH-vlﬁFni. xﬁiﬂ-ﬁﬁ W 7 qulv \.«wmﬂ.rnf\u., =
PN s S Oy et d WS.\J.I“-L« .W Ny -
AR

3
>

*$%2011NG pue siA|3d Lumnp Ge-dIA Du? uoiysnd g adAl 4oy

U0 L3e3L3Sa4das [P1JUBU0CAXD PUBR 3AJND UOL23|JSp-PRO| D5ULQUO)

"ur - UoT3VITISd

S°t c°¢ s°¢ 0°¢ S'1 0°1

6T €0060 t8®

T T T T  pp———

—

T - ¢9z°2

{ { | 1 | i

— e = = e

|

3)06"T = 4 :uoTyejuassadax yerjusuocdxy

*$1-g 24nb1d

00S

0001

g0st

000¢

00sZ

0090¢

AT AL LT W

»

'-'-‘u."-..'-",‘t

"!' ‘F
"
A Y

L IR
LML)
Nty

.y
[ ]

P
AR
.‘J

.'J' ?
' »
LICH

"

I

ARV R

.
“

R T
.

et

B-16

peo]

art

G

0

N

N
L O]
L

i~ ‘\‘\’ i ."\!'_r.-

LR
ATV NG
~

L)

\

o

ALY

l". 1.3‘\" 4




91 EO060 I8

Deflection -

3500

3000p

qT1

- PrO]

- o — S~ g

in.

Load-deflection curves for Alderson
VIP-95 dummy pelvis and buttocks
tested with five differunt cushions,

Figure B-15,

B-17

R

inﬂ&_':.mm

-
<

NIRRTy
N, - -
'E.\!f.h}.e\’l".&.[.‘- WY

P SO
.h}.!.

Soeindnin iy

ASHNGLS)

ot




"ll:,
L Np
Approximate Material Properties %gﬁaf
Modulus of elasticity, E(2) = 30 x 106 psi tﬁ
e\
First yield stress, E(3) = 58,700 psi M
‘ First plastic modulus, E(4) = 2.9 x 10° psi @j
Ultimate stress, E(6) = 67,000 psi ey
_ Second yield stress, E(1l) = 62,500 psi R
‘o Second plastic modulus, E(12) = 75,000 psi fl‘
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Figure 3-16, Piecewise, 1inear approximation of stress-
-‘1 strain curve for 1010 cold-drawn steel.
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Approximated Material ?ropertiqs

Medulus of elasticity, E(2) = 29.1 X 106 psi
First yield stress, E(3) = 160,000 psi
Pirst plastic modulus, E(4) = 7.8 X 10
Ultimate stress, E(6) = 180,000 psi
Second yield stress, E(l1l) = 170,000 psi

Second plastic modulus, E(12) = 8.85 X 10° psi

6 psi
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] % Failure h
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Figure B-18. Typical tensile stress-strain curve for AISI 4340 steel, 5
heat treated to 180 ksi ultimate stress and piecewise, o
Tinear approximatisn to curve. -k’
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{ Approximated Material Properties
3 MoGulus of elasticity, E(2) = 10.5 X 10° psi
R First yield stress, E(3) = 44,000 psi
o First plastic modulus, E(4) = 4.9 X 10° psi
5 Ultimate stress, &(6) = 62,000 psi
)
é\‘ Second yield stress, E(11) = 58,000 psi
. Second plastic modulus, E(12) = 6.2 X 10% psi
3
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Figure B-19. Typical tensile stress-strain curve for
2024-T4 aluminum alloy and piecewise,
linear approximation to curve.
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Approximated Material Properties

Modulus of elasticity, E(2) = 9.9 X 10° psi
First yield stress, E(3) = 36,200 psi

First plastic modulus, E(4) = 1.1 X 105 psi
Ultimate stress, E(6) = 42,000 psi

Second yield stress, E(1l) = 40,200 psi

a Second plastic modulus, E(12) = 3.0 X 104 psi
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| Figure B-20. Typical tensile stress-strain curve for
» 6061-T6 aluminum, alloy and piecewise,
linear approximation to curve.
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TRANSPORT AIRCRAFT SEAT

INUT DATA
W A 2-DINENSIONAL SIMULATION OF A 3-PASSENGER SEAT WITH 3 OCCUPANTS
% SINULATION CONTROL DATA
" T120,000000) TF =0,176000) DTT =0,000500r DHAX =0,000500s DNIN =0,000500
EUR =0,100000s ELR =0,001000
. ACCELERATION FILTER CLASSES
- i HEAD CHEST PELVIS SEAT

1000 180 180 180
FORCE~DEFLECTION CHARACYERISTICS

SEAT CUSHION BACK CUSHION HEAD REST
c B c B C B
760,000 04500 760,000 0,500 760,000 0,300

F2 b2 F3 b3 F4 04
LAP BELT
390400 0.04030 1300,00 0.10480 2250.00 0416130

XLB(1) YLB(1) wLB(1) XLB(2) YLB(2) ILB(2)
12,500 -30,000 15,000 12,500 =10.000 15,000
12,300 ~10,000 15,000 12,500 10,000 15,000
12,500 10,000 15,00 12,500 304000 154000

DANPING COEFFICIENT THICKNESS/SLACK

BEAT CUSHION

2,40000 1450000
BACK CUSHION

2,40000 1,50000
HEAD REST

2,40000 3400000
LAP BELT

000000 0400000

c-1

e e p L L bR terereter terere
B S D L s S AN D S L AT S e T S TN SEOTIINITAN RIS,




X
000000

VX
3000000

1L

X
0400000
0,01000
0415500
0,14300
0417500
0.,00000
0,00000
0.00000
0,00000
000000
0400000
0.,00000
0400000
N 0400000
\ 0100000
A 0.00000

;LA

e

p o o =
L PR s '

hy' ™
0.00000
‘g 000000
, 000000
N 0.00000
N 0,00000
: 0,00000
000000
0.00000
» 000000
000000
0.00000
0,00000
0,00000
0,00000
0.00000
0,00000

gt | 2w D

[P e e £ A A

n
L

- SRR . LAY, ! -'»q'-r'-q"'. ol i TG
. ’ .‘ * .40 D, Bn. 8! \.-.l‘!‘ ) M l- 'l.‘al-*l. L ¥ KN

Y
0,00000

v
000000

AX
0,00000
~6,00000
~6+00000
0,00000
0.,00000
0,00000
0+00000
0.,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0400000
0,00000
0,00000

ALFX
000000
000000
000000
0.00000
0,00000
0,00000
0,00000
0.00000
000000
0,00000
0,00000
0,00000
0,00000
0400000
0, 00000
0,00000

1
000000

vl
000000

TY
0.00000
0,00000
000000
0,00000
0400000
000000
0.00000
0,00000
0.00000
000000
0,00000
000000
000000
0400000
000000
0.00000

Ty
0,00000
000000
0.00000
0,00000
0,00000
0400060
000000
0400000
0400000
0,00000
9,00000
000000
0.00000
0.00000
0.,00000
000000

et
L)

D%

CRASH CONDITIONS

PITCH
0,00000

ANGVX
0,00000

AY
0,00000
0400000
0400000
000000
0400000
0,00000
000000
0,00000
0,00000
0,00000
000000
0,00000
0.00000
0400000
000000
0400000

ALFY
0,00000
0,00000
0,00000
0400000
0,00000
000000
000000
000000
0400000
0400000
0,00000
0.00000
0.00000
0400000
000000
000000

WM e

ROLL
000000

ANGVY
0,00000

T2
0.,00000
0.00000
0,00000
0,00000
0,00000
0400000
0,00000
0400000
0400000
0,00000
0.,00000
0:00000
0,00000
000000
0400000
000000

1z
0400000
0, 00000
0.00000
0,00000
0. 00000
0,00000
¢.00000
0.00000
000000
000000
000000
0,00000
0,00000
0,00000
0,00000
0,00000

YaW
0.00000

ANGYZ
0400006

AL
0.00000
000000
000000
0400000
000000
0.00000
0400000

0,00000 -

000000
0,00000
0400000
0.00000
000000

0400000

0100000

0400000 |

ALFZ
0.00000
0+00000
000000
0.00000
000000
0+00000
0400000
0400000
0400000
0400000
0400000
000000
000000
000000
000000
0100000
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e
OCCUPANT PROPERTIES---PASSENGER NO, 1 ‘%‘!
2]
, Bl
4 STATURE= 49,10 INCHES, WEIGHT= 164,00 POUNDS -y
i
GEGMENT LENGTH  RHD  HASS It Iy 1z nay
1 10,798 4670 0.009545 2,320000 0.760000 21320000 :.::3
2 11,50 6,550  0.0931¢8 2.180000 0,926000 1,700000 o
3 B350 6,330 0,026139 0,275000 9,266000 0.233000 O
A 1L300 4,720 0,012552 0,132000 0.135000 0,022000
5 13,300 6,260  0,012552 0,017000 0,185000 04195000 3]
6 1,300 4720 0,012552 0,132000 0,135000 0,022000 Sl
7 13,300 6,260 0.012552 0,017000 0,185000 04195000 1343
8 16,500 8,350  0,05615¢ 0,127000 1,220000 0,873000 P
9 18,000 11,000  0,024560 0,927000 0,994000 0,505000 R
10 16,500 B350 0,054159 0,127000 1,220000 0,873000
11 18,000 11,000  0,024560 0,927000 0,994000 0,505000 W
12 4,800 2,440  0.005124 0,017700 [ -
AL
CONTACT SURFACE RADII R
SEGHENT RADIUS '- i
t 4,50 -
2 4,50 ;qf
3 344 E:\"‘-
4 1,95 N
5 1,85 o3
6 1,95
7 1,85 'ﬁ;
8 3.0 N
9 2130 ‘ﬁ.\‘
10 3,10 it
i 2,30 ,,3,‘; |
12 2,10 "
13 2,30 S
14 1,60 oy
15 1,60 bk
15 3,56 R
17 3,56 Aty
18 2461 by '
19 2,8 RN
20 1,85 R |
2 18 a4
2 2,34 R
23 2.34 fS&v
% BPINAL PROPERTIES "."‘-;".,
:\ M ' '...\
r% COEFFICIENT € EXP COEFF B TANFING ‘m‘
L4 \
R LUKBAR SPINE - AXIAL 4000,000 0,236 1,000 :':?g
LUMBAR SPINE - FLEXURAL 375,000 1,490 150,000 :
o, NECK - AXTAL 3240, 000 0,270 1,000 3{1
bt NECK - FLEXURAL 375,000 1,490 304000 ot
o) f‘
8 A
] e
) c-3
PR
e
o,

b
'
W
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OCCUPANT PROPERTIES---PASSENGER MO, 2

STATURE= 49,10 INCHES» WEIGHT= 164,00 POUNDS

SEGNENT  LENGTH RHO NASS IX Iy Iz
1 10,793 4,670 0,089545 2,320000 0.760000 2320000
2 11,560 6,550  0,093168 2,180000 0,926000 1,700000
3 8,330 6,330 0.026139 0.275000 0,266000 0,233000
4 11,300 4,720 0,012552 0,132000 0.135000 0,022000
3 13,300 6,260  0,012552 0,017000 0,185000 0195000
] 11,300 4,720 0.012552 0,132000 0,135000 0,022000
7 13,300 4,260  0,012552 0.017000 0.185000 0.195000
8 16,500 8,350  0.,036159 0,127000 1,220000 0.873000
? 18,000 11,000 0,024560 0,9272000 0,994000 0,505000
10 16,500 8,350  0.056159 0.127000 1,220000 0.873000
1 18,000 11,000 0,024560 0.927000 0,974000 0,305000
12 £,880 2,440  0,005124 0,017700

CONTACT SURFACE RADII

SEGNENT RADIUS
q 4,50
3 2 4,50
&-\,‘ g 3 J.M
Y A 1,95
4 {‘ 5 1,85
) 4 1.95
- 7 1,85
““:‘:1. 8 3.10
N 9 2,30
%2 10 3,10
kf‘ 1 2,30
12 2,30
i 13 2,30 o
R 14 1,40 S
& 15 1,60 Wi
o 14 3,5 pas
b ..; 17 396 '-S(‘ ¢
18 2,61 el
e 19 2,61 e
N 20 1,85 g
v 2 1,65 SPe
™ 22 2,34 N
o0y 3] 2,44 .'y"
\' . .
: SPINAL PROPERTIES
§ COEFFICIENT C EXP COEFF B DANPING
e
L LUNBAR SPINE - AXIAL £000,000 0,238 1,000
O LUMBAR SPINE - FLEXURAL 175,000 1,450 150,000
. NECK - AYIAL 3240,000 0,270 1,000
NECK - FLEXURAL 375,000 1,490 30,000
C,,’
W
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OCCUPANT PROPERTIES---PASSENGER NO. 3 R
1‘ ‘?Qi.“'t
°
'Rl et
STATURE= 49,10 INCHESs WEIGHT= 164,00 POUNDS P
. "C."t
M SEGMENT  LENGTH  RHD HASS IX 1Y 1Z ]
0 1 10,793 4670 0,089545 2,320000 0740000 2,320000 t’
. 2 11,50 6,550 0.,093168 2,180000 0.926000 1,700020 8
y 3 8,350 4,330 0,026139 0275000 0,266000 0,233000 S
b A 11,300 4720 0.012552 0,132000 0.135000 0,022000
, 5 14300 4260 0,012552 0,017000 0185000 0,195000
- 6 11,300 4,720 0,012552 0,132000 0135000 0,022000 B!
g 7 13,300 4,260 0,012552 0,017000 0185000 0,195000 oy
% 8 14,500 8,350  0.05159 0,127000 1,220000 0,87300: f-w«‘%’
.. 9 18,000 11,000  0,024560 0,927000 0,994000 0,505000 {0
i 10 16,500 8,35  0.056159 04127000 1,220000 0.877600 b
g 1 18,000 11,000  0,024560 0,927000 0,994000 0.505000 T
' j 12 ABB0 2440 0,005124 0,017700 L
. A8 i-: -
o CONTACT SURFACE RADII e
o oY
SEBHENT RADIUS ot |
~ 1 4,50 iy
3 44 )
. 4 1,95 gé
;:i' ) b 1.85 %
a0 4 1,9 A
7 1,85 ‘ ;
) g 310 vl
; 9 2,30 iﬁ?iz
0 10 3010 o
' 1 2,30 o]
A 12 2,30 ol
. 13 2,30 h ""' .
N 14 1,60 Sy
\ 15 1440 e
.. 16 3,596 .;".(" ]
. \ ~ +,
¥ 17 3,56 Vi
N 18 2,61 W5
i 19 2.8 Y
R 20 1,85 bt
o 2 1,85 2
2 234 o
) ]
RS 23 2.3 i
o SPINAL PROPERTIES .‘;‘
g l:,*\' g
?.2.' COEFFICIENT C EXP COEFF DAMPING Ll
) 1 ‘b.'; -
RS LUKBAR SPINE - AXIAL 40004000 01238 1,000 . %
B LUMBAR SPINE - FLEXURAL 375,000 1,490 130,000 04
" NECK - AXIAL 3240,000 0,270 1,000 o
oo NEDK - FLEXURAL 375,000 14490 30,000 oy
o ’ .‘\,
X )
)
"
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SEAT DESIGN DATA

XBEAT= 10,0000 ZSEAT= 12,0000 ANGBP=  8,0000  ANGEB= 16,0000
L = 15,4500 XW = 20,0000 SBHY = 39,0000 8B = 20,0000

NUMBER OF NODES 20
NUMBER OF ELEMENTS 27
NUMBER OF MATERiALS 2
NO. OF DISP. NODES 4
NO. OF COURD NODES 2
NO. OF BEAM XSECT 2
DUCKLING CONSTANT 0430

HATERIAL DATA

! NATERTAL NAKE 2024-T4 AL

g HATERIAL NO 1
FIRGT YIELD STRESS 0,44000E405
BECOND YIELD STRESS 0,58000E+05
ULTIMATE STRESS 0,42000E K05
MODULUS OF ELASTICITY 0,10500E+08

: FIRST FLASTIC NODULUS 0, A000E+06

4 GECOND PLASTIC MODULUS 0, 620006405
POISSONG RATIO (PLATES ONLY) 0,30000E400
THICKNESS (PLATES ONLY) 0, 10000400

s

3 NATERTAL NANE M30 STEEL

? MATERTAL NO 2
FIRSY YIELD STREGS 0,16300E406
GECOND YIELD STRESS 0,17400E406
ULTINATE STRESS 0, 18000406
HODULUS OF ELASTICITY 0,29000E+08
FIRST PLASTIC NODULUS 0,40000£407
SECOND PLASTIC NODULUS 0,81000E405
POISSONS RATIO (PLATES ONLY) 0, 30000E+00
THICKNESS (PLATES ONLY) 0,10000E400

C-6
] o
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BEAM CROSS-SECTION DATA

N NSEB  KLDS AREA FIXX FIYY FIZZ
I8 0 0,43470E400 0,30280E400 0,15140E+00 0.15140E+00 7
3 "
YN 2N 10 206 ,:a:;\é
0,00000E+0D 0,00000E400 4, GUVO0EF00 0+00000E+00 R ‘,,‘;-
i
I Y z T AN,
1 0,00E+00 0,83E400 0,83E-01 er
2 -0,59€400 0,59E+00 0,83E-01 -‘:.‘%‘s‘.
3 <0,83EH00  0.00E+00 0, H3E -01 RN
4 -0,59E400 ~0,59E400 0.83E-01 ‘»‘ﬂ‘;fkj
5 0,00E400 -0,83E400 0,BRE-0} R
& 0.S9EHD0 -0,59EH0C  0.R3E-01 et
7 0.BIEHO0  0,00E400 0. 43E-01 i
B O.S0EH0 0,59E400 0.03E-01 N
) '
o NBEG  KLOS AREA FIXX FIVY F1zz DN
2 40 0.30810E400 0,10820E400 0,72300E-01 0,72300E-01 S
N | YCo 100 ma,
0,00000E400 0,00000E400 0,00000E+00 04 00000E+00 ;;‘%j_‘:: :
Ffm
I Y 2 T s h’
1 -0,59E400 0.59E+00 0465E-01 3
2 ~0,59E+00 =0.59E400 0.65€-01 o
3 0,59E+0 -0.57E400 0,65E-01
4 OS9EHO0 0.S9EHO0 0,45E-01 RS
“n ‘.
2R
HODE. H0. X Y z " 3
1 800000  ~10,00000  0,00000 P
2 25,00000  -10,00000  0.00060 ANRGR.
3 8,00000 10,0000  0,00000 RN
4 25,00000 1000000 0,00000 e
5 10,00000  -30,00000  12,00000 T,
6 10,00000  -10,00000  12,00000 heh
7 10,00000  10,00000 12,0000 st
8 10,00000 30,0000  12,00000 e
9 12,50000  -30,00000  12,33000 ‘:%‘:
10 12,50000  -10,00000  12,33¢00 G,
1 12,5000  10,00000 12,3300 NN
12 1250000  30,00000 12,7300 RN
13 25,00000  -~30,00000  14.10800 o
14 25,00000  -10,00000 14,1080 ey
15 25,00000  10,00000 14,1080 <3504
16 25,00000  30,00000 14,1080 AR
. 17 2,25600  -30,00000 39,0000 NS
! 18 2,25800  -10,00000  39,00000 ot
Z 19 2,25800 10,0000  39,00000 R
o= 20 2,25800 30,0000 39,0000 N
18488 2 10,00000  -40,00000 12,0000 )
B 2 25,00000  -40,00000  14,00000 ‘~
N Qe
J 3
_ o
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|
Eg! ELENENT N0+

MW N M 5 N6 N7 NB MTYP
1 6 1 6 0 2 A 2 2 0 0 ¢ 0
2 37 1 7 0 2 2 2 2 0 0 0 0
3 2 M 2 W 0 2 2 2 2 0 ¢ 0 o0
A A 15 4 15 0 2 2 2 2 0 0 0 0
5 2 4 2 ¢ 0 2 A 2 2 0 10 0 10
6 A7 a7 0 2 2 2 2 0 10 0 10
7 S 6 5 6 0 1 2 2 1 0 0 0 0
8 & 7 6 7 0 1 2 2 t 0 0 o0 0
9 7 8 7 8 0 1 2 2 1 0 0 0 0
10 31 13 W 0 1A 2 1 0 ¢ 0 0
1 15 15 0 1 A 2 1 0 6 0 0
12 15 16 15 14 0 1 2 2 1 0 0 0 0
13 s 9 5 9 0 2 A 2 1 0 0 ¢ 0
14 & 10 6 10 0 22 2 1 0 0 0 0
15 7 1 7 u o 2 1 2 1 0 0 0 0
16 8 12 8 12 0 2 2 2 1 0 0 0 0
17 13 9 13 0 2 1 2 1t 0 0 0 0
18 10 14 10 14 0 2 M 2 1 0 0 o0 o
19 Mo15 118 0 2 n 2 1 0 6 0 o
20 12 16 12 14 0 2 2 2 1 0 0 0 0
21 S 17 5 17 o 2 A 2 1 0 0 0 0
22 4 18 & 18 ¢ 2 2 2 1 0 0 0 0
23 7019 7 19 0 2 A 2 1 0 0 0 0
24 8 20 8 20 0 2.2 2 1t 0 0 0 0
2% 17 18 17 18 0 2 2 2 1 0 0 o0 0
2 8 19 18 19 0 2 20 2 1 0 0 0 0
27 9 20 19 2 o 22 2 t 0 0 0 o

N SEAT P NODES = 5 & 13 14 & 7 84 15 7 8 15 16

28

N SEAT BACK NODES = 5 6 17 18 & 7 18 19 7 8 19 20

ol

: LAP BELT ANCHOR NODES = 9 10 10 11 11 12

R DISPLACENENT NODES

o NODE  CONDITION

_ 1 t 111001
2 2 112001

~0,5000

N 3 I 11100t

1 \ 4 111001

STRESS AND BAR STORAGE LSTRS 1056 LBAR 448

MUD 77 SIZE OF STIFF 4357

RIS

) \.-I'.l . ~
wby A MWl den ydols
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g, Y
) ENITIAL CONDITIONS---PASSENGER MO 1 :Qf'“'i .
(J
SEGHENT ANCLE ) :';'
1 ‘14!776 ": -
2 ~14,776 b
3 B2 .
\ -16,000 y
5 60,000
6 -164000
7 40,000
8 -5,424
9 "1075?
) 10 ~5,424
1 -1,959
i GENERALIZED COORDINATES-~-FABSENGER NO. 1
)
Loty J (18] andJ) anntJ)
. 1 0.,13768D402  0,360000403 0000000400
b 2 0,22545D402  0,000000400  0,00000D400
3 -0,257691400  0,000000400  0.000001400
b 4 0,10850D402  0,00000D+00  0,00000D400
% 5 -0,25769D400  0.00000D400 0000000400
\ 6 0,63300DA01  0,00000D400  0,00000DH0
, 7 0,043530+00  0,00000D400  0,00000D400
NE 8 -0,27925D+00  0,00000D400  (,00000D+00
. 9 0,244350400  0,00000D400  0,000001400
N 10 -0,94670D-01  0,00000400  0,00G001400
< 11 -0,34184D-01  0,00000D400  0,000000400
\ -
Y
v
+ ]
v
L Y
o
&
A. w‘
3
R :
s i
[, WL
g RN
! AR
W C-9 N
T !
3 el
W . L

Vot

§
R CACREATATA TN . \ y(, "_-\ A ‘F LI -.'-.,’y." - ‘" *.\ » . {..". '{. -¢ a I“J‘-.F.n o “p -’. - .'.l .(
TN L e T L e S s S T SRR
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J
. 12
N 13
W 14
A 15
Y 16
oo 17
n 18
RS
o 19
! 20
A 22
N
%
'
%
"y
X0
e
E?!

;f.‘- s N ; A._d“l“:-‘F‘hl \‘-“\-." ,.-

INITIAL CONDITIONE---PASSBENGER NO. 2

SEGHENT

O VW JIO N D N

[ ol

GENERALIZED COORDINATES---PASGENGER NO. 2

)
0134240402
0,22754D402

=0,26451D400
0.10850D+02
=0126451D400
0.63300D+01
0136920400
-0,27925D+00
10, 24435D+00
~-0,80703D-01
-0,50488D-01

RV NI WU v DRI RN Wy

ANGLE

an<J)
0,360000+03
0,000000+00
0,00000D+00
04000000400
0,000000++00
04600000400
0,000000400
0.000000400
0,000000+00
0.00000D+00
04000000400

c-10

L]
S N TS S L L L L L L AN

=15,135
-15,155
7,843
~16.,000
60,000
~16,000
60,000
-4,624
-2,893
~4,624
-2,693

Qop«J)
0000000400
0.00000D+00
04000000400
0400009+00
0000000400
0,000000400
0,000000+00
0,000000400
0+000000+00
0.00000M400
0,000000400

A

. "

Cp RS
(on) el

XS

&t 32

Py

o o Bk R Sl
Fm..

X .

e )
)4.

-

s
.
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INITIAL CONDITIONS---PASSENGER ND, 3

v o
T

-)’;"_.

SEGHENT ANGLE
-15,535

-15,535
70465
-164000
40,000
~164000
60,000
-3.811
=383
=3.811
-3.839

e TS

PRI Sl
-
o,

Y

«
.

FEES
L4

ISR RRAR
K

o L .
—_ O XN U NS
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o’ e
—

GENERALIZED COORDINATES---PASSENGER MO, 3

J on apih anp(
23 0.130810402  0,360000403  0.00000D400
24 0,22962D+02  0,000000400  0,00000DH00
25 -0,27113D400  0,00000400  0,000001M400
26 0.10850D402  0.00000D+00  0,00000D400
27 =0,27113D+00  0.00000D400  0,00000D+00

0,43300D401  0,000000400  0,000000400
0,13030D400  0,000000400  0,00000D+00
-0,27925D400  0,000000400  0,00000D400
04244350400  0,000000+00  0.,000000H00
-0,44513D0-01  0,000000+00  (.00000D400
=0,67001D-01  0,000000400 04000000400
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NODAL DISFLACEKWENT VECTOR (TINE = 0,025 8EC)

TRANSLATION
NODE X Y 4
1 0,0000 0,0000 0,0000
2 0,0000 0,0000 ~05000
3 0.0000 0,0000 0.0000
4 0.,0000 0,0000 00000
3 045627 ~0.1811 ~0.2722
é 03510 -0.1808 ~0,0595
7 0.0047 =0,1804 00000
8 -0,1011 -011804 02307
9 05768 ~0.1683 ~0,3483
10 03620 =0.1673 =0:1270
i 0.0060 -0,1688 -0,0040
12 ~0.1013 «0.1730 0,2323
13 0,6355 -0,1339 ~047619
14 0,4125 =0.1343 <0.4992
15 0.0070 ~0,1348 ~0,0009
16 -0,1037 =0, 1344 02440
17 1,2491 =0,5239 -0,0735
18 ¢.8138 ~0,5219 0.0724
19 0,3552 =0,5202 0,1012
20 -040232 =0,9193 0.2526

SUPPORT STRUCTURE REACTIONGS (TIME = 0,025 8EC)

b
HY
g‘l
NODE FX FY FZ HX Y HZ
\.1 1 6 -2t T % 0 B,
2 ~360, 293, 830, 0, 0, 2184,
3 126, ~2544 1461, 0, 0. ",
L 4 9570 2490 "1‘090 00 00 19920
L/
W
N
3 C-12
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BEAN ELEHAENT LOADS (TINE = 0.025 SEC)

BEAN  NODE  FX FY F X MY 1 STATUS
11 761, =282,  -133,  -83, R 139, 0
6 =76 252, 133, 833, 1816, ~3200, 0
2003 -1467,  ~230, 104, =704, 13 1, 0
7 1467 2000 -104, 204, ~1076, -394, 0
. 302 -5, 262, 420 -1136, 0 528, 0
; 14 509, =282, 2, 113, o4, 3174, 0
s 4 4 409, 263 56, =917, -1 524, 0
g 15 -609,  -263, ~56, 917, -790. 3094, 0
. 9 2 -519, -8, 0. -232, ¢y -1141. R}
: ¢ 515, B 0 232, 0 985, 0
L
! 4 4 1288, -324 0, -1774 04 -1236, 0
4 7 -1288, 2, 0 1774 0 8. 0
3 705 ~68) 59, 11, 211, -B24 896, g
D 6 48, 59, “lls DML, 138, 487, o
L
) 8 6 '790 331. “‘2660 1427- 26520 37\00 0
L 7 78, ~381, 266, -1427, 2068, 3909 0
IR 9 7 13, =51, 15, 181, 170, -792, )
¥ ] -13 5, 15, 18t 128, 224, )
4 -
d 10 13 1184 -42, 3, 301, 3/ -B09, 0
¢ W -8, 42, <3 =301, 463 -4, )
- 114 17, =290, -4220 1567, M. =78, b
I 15 -1 2904 22, 1567, A7 =3074, 0
'l4 12 15 22, b4, 47, 151, B0i. 1081 i
A 16 -2, -t4, 47, -18, 36, M1, )
1305 -66, -72 12, 83, 456, 962, v "
9 hb, 724 ~-124 -83. -487, 479, { ','1
A @
N 4 4 1, =25, 94, 824 432, -1857, i |
o 10 -1, 265, -94, 82, A48, 118 0 ‘
i 57 =750, -5, 206 -9, 98, -0, o
- 11 7504 151, -206, 109, 410, B8, 0
o 16 8 -3 1% %, m, X 45 0
e 2 39, 19 =95 -7, 75 -94, 0
' e
N . ] :\.
& 3
R .
LY »
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17 9 k72 -118+ «b3s ~37, 494, =678, 0
13 ‘370 118. 630 370 2990 -010. 0
18 10 355, -258, -108, -191, 674, ~1149, 0
14 =355, 258, 108, 191, 486,  -2084, 0
19 U -493, ~188, B2, ~1664 -421, «84, 0
15 493, 188, -82, 166, -618,  -1494, 0

20 12 5% 24, 18, 2% -73 4,
16 -59. "2‘0 -18 "290 =149, 204,

A 3 268, 10, 34 =179, ~252, 122, 0
17 2, -10, =3 179, 1654 159, 0

>,

[— 4
- IR %ﬂ;
A b
> A |

2 ¢ Bd, -8y 37 =217, ~82%, “45, 0
18 -84, 8. '370 217, «199, "1680 0

23 7 ~784 ~10, -42, =215, 944, “67+ 0
19 78 10+ 42, 215, 235, =201+ 0

,
.
B
AN

i

Aa 300 .

n o8 2 7 20 190, 142, 70 % o

20 ~234 =7 =2, 190, =210, 115, 1] \ :. o

P el

o “NE,

& 17 -0 2, T U TR v O T TR | P

18 10, 28, 30 <183, -4, w9, 0 et

26 13 ‘3» "560 '390 "320 335. ‘5690 0 .

19 5 56, 39, 32, 53, -544, 0
7 19 7 23, 2, 200, =239, 343, 0
20 74 23, -2, =209, 192, 113, 0

c-14
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BEAN
N

U.: ‘

10

i1
| - 12
13
14
15

14

PRIARIL A AR AR

NODE
NO

1
6

~ 2

o~ ~ o

-~ O~

o~

13
14

14
13

15
14

s et A e s

§-MAX

0,000000E+00
0,370335E4+05

0,577302E+04
0, 3912687€+05

0,596260E404
0, 325881 E405

0. 314845E404
0,29B855E 405

04 109445E4+05
04 974985E+04

04398021E+04
09633926403

00452304E404
043211 16E404

04283841E405
00 293343E+05

04493249E+04
0152455404

0478995E 404
0367849404

0+303349E+05
0432264BE+05

087351BE 104
04120927E404

0.110258£405
04977400E+04

0,183819E405
0.148342E 405

04 204598E405

0+130790E+05

043149626404
0.150674E 104
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W N

Ly -~
PR

BTRESSES IN BEAN ELENENTS (TIME = 0,025 GEC)

8-HIN

~0,360794E404
=0+ 419493405

0,000G00E+00
=01296106E405

-01266260E+04
-0, 292881E405

-0, 709571E+04
-0,336328E405

«04760617E404
-0,641157E+04

<0 143319405
~01931507€404

-01420369E404
-0, 289201E404

~0.280171E+05
~01289674E103

=0, 499363E+04
-0, 158769E+04

=04 534453E$04
=0, 443327E404

-0,308862E405
~0+328161E405

~0+883726E104
-0+131135E+04

~04103983E403
=0,9344658E104

-0+190998E+05
=04 155542405

=0, 155930E+05
-0,821230€404

~0,209962E+04
-0, 123674E404
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17

18

19

a
2
a3

24

26

27

SRR 1D

7
18

18
19

19
20

R RAGTE

049490126404
0.894875E+04

0+139621E 405
0, 215751E405

0,1222082405
0.189397E 405

0,118228£404
0, 270240E1+04

h4316367E+04
0. 27531 3E4+04

04689369404
0273846404

0,854127£ 404
0,303197E 104

0+167998E404
04259043E404

04282889€404
0.425910E404

0.742523E404
0,818934E404

0,475820E+04
00 247916E 104

C-16

A

=04972963E404
~0.920827€+04

~0+162616E40%
-0, 238748E405

=0,902554E+04
-0 157445E405

=0+ 156341 E4+04
-0, 308353E+04

012981 66E+04
~0,257114E404

=0, 743541E404
=0+328019E+04

=0,803299E+04
~04332369E+04

~0+182811E+04
=0+ 273857E404

=0+ 276410E404
~0,419431E404

=0,740358E404
-0,816770E+04

=0,480249E+04
=0, 252348E+04




TR XTI TN E NI N VAN N U OV CUY - v 0 @ 0w e

NODAL DISPLACEMNENTY VECTOR (TINE = 0,175 GEC)

TRANSLATION

NODE X Y 1

1 0,0000 040000 0,0000
2 040000 0,0000 ~0,5000
3 0,0000 0,0000 0,0000
4 4+0000 0,0000 0,0000
5 07935 -0.1744 -0,1285
& 043573 ~0,1733 ~0,0374
7 0.,0112 ~0,1714 0,0020
8 0.1%74 “0:1677 0.3191
4 0.8218 ~0.1477 -0,2399
10 0.3496 -0, 1554 -0, 1237
il 0,0134 -0,1642 ~0,0008
12 01624 ~0.1743 0,2648
13 0,919% -0,1276 ~0,9334
14 0.4222 «0,1294 -0,5005
15 0.0164 -0,1321 -0,0023
16 0.1937 =04 1344 0,0204
17 146444 -0.4828 0.1133
18 140292 -0 .4807 0.1347
19 0.8674 ~0.4792 0.1620
20 0,823 ~0,4794 0.3808

SUPPORT STRUCTURE REACTIONGS (TIME = 0,175 SEC)

NODE FX FY FZ MX Y 4
i 352, -333, 1408, 0, 0, 1131,
2 944, 381, -1113, 0, 0. 2762,
3 ‘330 ‘2110 3‘970 Oo 0, 381¢
4 23610 1614 '34480 0 0, 1278,

Cc-17
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]
|
l I‘::A‘
: BEAN ELENENT LOADS (TIHE = 0,175 SEC) ﬁﬁ
| Al
; BEAN NODE  FX FY Fl HX HY M BTATUS
i 1 1 -14d6,  -333 -1l -1116 0 186, 0
6 1Mé, 3, 116e 1116, 1409,  -42W4, 0
E 2 3 -3, -l4n, 16, =377 N 59, 0
7 I, W,  -ité, 377, 1420, 1847, 0
12 M 340, 1, -1649, 0 M3, 0
: 14 ~345, ~340, “14 1649, -198, 4386, 0
! A4 W, 173 108, -3, e M3 0
) 5 -1499,  -173,  ~-108, W9 -1517, 1603, 0
5 2 1209 2, 00 =373, 0 1127, 0
6 “2290 '210 00 3730 00 15270 0
6 4 31350 ‘560 00 ”550 00 ‘11100 0
7 =335, 86 0 55, 0 43 0

7 5 -250, 3N, 98, 7586+ 822, 2761, 0
6 230, -304, 8. =756+ 1130, 3306+ 0

8 & ~443, 384, =236+ 1432, 2218, 3243, 0
7 443, '3860 2360 ‘14320 25100 4‘760 0
~152s -311, 86, ~504, -96%,  ~3820, 0

152, ML -84, 504, -760,  -2398, 0

100 13 M9, ~292, -7% 1390, 533, ~3194, 0
14 “449, 292, 7% -13%0, 1055,  -26%54, 0

11 14 3974 -2964 -433, 1577, 3796, ~1986, 0
15 ~597, 2%, A3, -1577, 4899, =392, 0

VT IS E AL e o IR st DR T S o e
-~
@~

e

12 15 348, 315, 180, -921,  -3062, 3Nno. 0
16 ~348, ~315, -180, 921, -338, 2588, 0

R

N,
13 S “3590 ‘2250 250 91. 1919. ‘31160 °
9 359, 2%, =25,  -91, -1882, 2548, O
| 1 6 -153,  -454, 588,  -195,  -73, -394, O
10 153, 454, 588, 195,  -TA%, 2047, O
Eg 1§ 7 ~2381, 123, 687, -64,  -2082, 168, O
7 1 2381, -2, 687, M M8, 142, 0
1 1 8 -3, 139, 182, 532 956, 20, 0
v} 12 13 139, 182, -532,  -id13, 1920, O
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" GTREGOES IN DEAMN ELENENTS (TIN = 0,175 8C)
ke
& BEAW  NODE 8-NAX 8-HIN
' N ND
N
! 1 I 0.21BLIEHM  0,000000EH00
*n:: é 0, 509831E+0% -0, 416013E405
W
R 2 3 0, 119765405 0,000000E400
7 0, 3824006405 -0, 1537536408
3 2 0, 227231E+0A -0, 4S0744E+04
1" 0, 364870405 -0, 307221 E 408
A A 0, 4658456403 -0, 101906E405
, 15 0, 223757E405 -0, 320964EH05
b
0y 5 2 04526003404 -0,132332E405
j 4 0,833884E+04 -0, 1651206 405
'*' 3 4 0,000000£+00 =0, 192735E408
" 7 0, OO0DO0E00 -0, 1052056405
‘1
4% 7 5 0, 1601 31E405 -0,16B31BEHDS
E; 6 0,213072E405 0201259405
ko
’ 8 6 04 252494E+05 -0, 231568E405
- ? 0, 320099E 405 -0, 2991926405
v,
o 9 7 042420126405 ~0,235742E40%
i 8 0, 153826E405 “0, 146676E405
- 10 13 0. 1B89547€ 408 . 3, 210728E40%5
- 14 0, 1557226 +05 T N2EH08
\
}‘% 1 14 0, 431476405 -0, 2694076405
- -.. 15 0,378031E 405 -0, A04293E405
ak 12 15 0, 291991E+05 -0,308412E405
e 16 0. 15396AEHD5 -0,170386E405
N
xg 13 5 0, A16447EH0S -0, 393165E405
: 9 04 375062E405 -0, 351760E405
- 14 6 04371 780E405 -0, 2721 31E405
- 10 0, 2792226405 -0,179574E405
' ' 15 7 042617776405 -0, 107364E405
;.':: 1 0, 1174366405 0,000000E 400
-
W 1 8 0, 2753606405 -0, 2537706405
. 12 04 284218E 405 ~0,262628E405
-
"'1
_.."‘
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18

19

20

2

2

24

2

26

27

10
14

1
15

12
16

17

18

19

17
18

18
19

19
20

0+ 34B640E 05
0.364877E405

04 227165E405
0. 325727E405

04484424E+404
0+111893E405

01264675E405
0.279819E405

0.837876E+04
04107500E+H04

04219433E404
0,235809E404

01 13B4BAEL0Y
0412871 7E404

0. 539849E+04
0, 479485E 404

04261914E+04
0. 364913404

04349647£404
0411 1334EH05

0,969025E404
0,330023E+04

C-21

(TR MATUCTWA T URAEAS TR MUK THR DR MW W W W i 0 W00 Wy ™ o w7

=0+ 369040E+05
~04385277E403

=01228001E+05
-0+ 3265626405

~0+111529E+04
-0, 546033E+04

=0, 2B4145E405
=0, 299289E+05

~Q,B3B937EH04
-0,110568F 104

~01242931E+04
=04 259308E 404

=0 133975EH05
042796316404

-04562739E 404
~0,502373E104

=04 267904E404
-0,372905E404

=041 362542E 404
-0, 112623405

=0,979679£104
=01 340677E104
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE PELVIS CHEBT

(BEC) X (IN) Y (IN)  Z(IN X (I Y (IN 2 (IN)
0,000 1342 -0:17 2,75 10,59 =0.17 33423
0,004 13,43 “0.17 22:74 10,59 =017 313,23
0,008 1344 -0,17 2,77 10462 =0.47 33.22
0.013 13,49 -0:17 Q177 10.69 =017 332
0,016 13454 ~0.17 22,78 1076 =017 33,20
0,021 1369 =0.17 2,78 10.89 =0417 319
00025 13,83 "'0017 22077 11.03 -0.17 330”
0,029 13,99 Q.17 2,76 11,20 “0.17 33.18
0,032 14:14 -0.17 2,73 11,37 «0,17 33,17
0,037 14,39 -0:17 22,48 11,63 =017 3316
0,041 14,41 =0:17 22,63 11,89 ~0.17 33,14
04045 14,84 -0.17 22,57 12,20 =0.17 33.12
0,049 15,06 =017 22,51 12,54 ~04i7 33,09
0,053 1529 «0.17 22,45 12,92 =017 33,05
0057 1551 ~0.17 22,39 13,34 “0,17 33400
0,041 1572 <017 2,33 13,67 =017 32,93
0,064 15.89 =017 22,27 14,04 =017 32,08
0,049 16,10 -0.17 22,20 14,53 =017 32,83
04073 16427 -0:17 22,15 14,99 ~0.17 32,79
04077 16,42 -0.17 211 15.47 ~0:17 32,77
0.081 14,56 «0.17 22,08 15,94 =0,17 12,77
0,08% 16449 -0.17 22,08 16,47 =017 32,78
0,089 14,81 «0:17 2,09 12,00 =0.17 32,82
0,093 16493 =0:17 2412 17,55 <0417 32,87
0.097 17,05 ~0.17 22,18 18.13 “0.17 32,94
0,101 1717 «0.:17 W25 18,73 ~0,17 33,02
0,105 17,29 «0,17 2:34 19,35 -0.17 33,09
0.109 17.42 «0.17 22,4 20,00 «0.17 13,16
0,113 17,57 =017 2259 20,46 =017 33,20
0.117 17,72 0,17 22.67 21,35 =0.17 33,23
0.2t 17,89 =017 22,78 22,04 =0.17 3.2
0,125 18407 =0:17 22,87 24 -0.17 33413
0,128 18424 =017 22,95 23,36 ~0,17 33404
0,132 18,44 -0\47 23,01 24,09 =0.17 32,94
0,136 18.44 -0,17 24,04 2.4 =0.17 32,70
0.140 18,85 ~0.17 23,07 2540 =017 32,43
0.144 19,04 -0.17 23,04 26,04 =017 32
0.148 19,25 <0:17 22,97 26,64 “0417 YA
0,152 19,44 <017 2,86 2724 -0,17 31,29
0,156 19,42 ~0.17 22,469 27,78 ~0.17 30.80
0.140 19.7% -0,17 22,49 28432 ~0417 30,20
0,164 19.93 -0.17 22426 28,43 =017 29.73
0.168 20,03 ~0,17 22,01 28,99 <0.17 29.09
0.172 20,09 -0.17 A7 29,22 <0.17 8,47
0.176 2013 ~0,17 21,45 29,39 -0,17 27,83




W
2O o
o
3 OCCUPANT SEGNENT POSITION 2
" (IN ATRCRAFT REFERENCE FRANE) o
TINE PELVIS CHEST
(SEC)  PITCH (DE6) -- ROLL (DEG)  PITCH (DEG) -- ROLL (DEG) ';:‘
0,000 -15,535 0,00 -15,53 0,00 Diavyy
0,004 ~15,522 0,00 =15,55 0,00 .."‘l
0,008 -15,488 0,00 -15,57 0,00 0N
0,013  -15.450 0,00 “15,57 0,60 ’
0,014 -15.433 0,00 -15,54 0,00 NREy
0,024 ~15,404 0,00 -15,52 0,00 RO
0,025 “15,384 0,00 -15,45 0,00 ey,
0.0  -15.72 0,00 -15,32 0,00 ‘ 3&, -
0,032 «15,327 0,00 -15.18 0,00 :;*L{ R.
0,037 -15:177 0,00 -14.95 0,00 e
0,041 -14,926 0,00 -14,48 010 R
0,045 -14,532 0400 ~14435 0400 AN
0,049  -13,948 0,00 ~13.93 0,00 Wiy
0,053  ~13.20 0,00 -13:41 0,00 A
0,087 12,245 0,00 -12,81 0,00 '
0,061 -11,061 0400 -1207 0,00
04064 =9,845 0,00 -11,31 0,00
| 0,089 -8,042 0400 -10,15 0400
: 04073 -6,222 0,00 -804 0,00
; 0,077 -4,219 0.00 <7439 0,00
& 0,081 -2,061 0,00 -5.98 0400
0.&"65 00233 0000 '4023 0000
M 0,089 21646 0,00 -2432 0,00
} 0,093 50162 0,00 0425 0,00
! 0,097 7,761 0,00 1,97 0400
\ 0,101 10,426 0,00 A3 0400
) 0,105 13,136 0,00 6483 0,00 S
i 0y 15672 0,00 9,44 0,00 -
! 6,113 18,616 0,00 12,15 0,00 Ty
: 0s117 21,348 0,00 14,95 0400 e
: 021" 24,051 0,00 17,82 0,00 N
. 0,125 26,709 0,00 2074 0,00 Svin
* 0,128 28,992 0,00 23,32 0.00 'J'::.“.." I
? 0,132 31,545 0,00 26,30 0,00 A
; 0,136 34,104 0,00 29,28 0,00 DAY
\ 00“0 360601 0000 32026 0.00 :'. ‘:n‘
\ 0,144 39,034 0,00 35,22 0,00 ey
A 04148 41,301 0,00 38414 0,00 Lo
a 0,152 43,599 0,00 41,03 0,0 Rty
- 0156 45,402 0,00 43,91 0,00 -
% 0,160 47,297 0,00 44,82 0,00
¥, 0,164 48,632 0,00 4975 0400
1 0,166 49,614 0,00 52,70 0430
3 0,72 504331 0,00 55,61 0,00
W 0,174 50,974 0,00 58,42 0,00




. OCCUPANT SEGMENT POSITION

~; (IN AIRCRAFT REFERENCE FRANE)
[4
TINE HEAD NECK

J (BEC) X (IN) Y CIN  Z (M X (M Y (N 2 (N
: 0.000 10026 "0-17 45050 9023 "0017 41089
oy 04004 10,27 -0i17 455 823 <0417 41,89
. 0,008 10,29 -0,17 45,49 8,26  ~0.17 41,88
e 013 10,35 0,17 ASA7 832 07 ALD7
" 0,016 10,43 -017 45,44 8B40 -0.17  AL.B?
% 0,021 10,57  -0,17  A5.44 8,53  -0,17 41,86
» 0,025 10,73 =617 45,43 869  =0.17 41,89
0,029 10,93 -0017 45,42 8,87  -0.7 41,85
: \3 04032 11,04 -0,17 45,42 9,07 =017 ALBS
v 0,037 11,45 =007 45,41 9,36 -0.47 41,85
: 0,041 1,77 =047 4541 9067  ~0417 41,84
] 0,045 12,14 -0:17 43,40 10,03 ~0,17 41,83
, 0,049 12,57 =0,17 45,38 10,43  -0,17 41,82
g 0,053 13000 0007 45,35 10,89 -0,17 41,80
- 00057 13,57 -0.17 45,31 “040 0,17 41077
" 0,061 14,05 =017 4525 11,85 017 AL
- 0,064 14,56 -0,17 4520 12,34 0,17 AL
$; 0,069 15,29 -0.17 4515 13,01 -0,17 41,48
o 0,073 1599 =0u17  A5.01 13,866 -017 AL
5 0,077 16,75  =0,17 45,07 14,35  -0,17 4148

[

A
.J-‘ 0,081 12,56 =0,47 45,05 15,09  -0,17 AL
v 0,085 18,44  =0,17 45,03 15,88 0,17  AL.JS

¢ 0,089 19,37 ~0417 45,01 16,71 =017 41,80
> 0,093 20,35 =017 45,00 17,58 ~0.17 41,86
o 0,097 21.39 =017 4,97 18,51 =017 41.92
t: 0,101 22,48 =017 44,94 19.48 =017 41,97

0.105 23461 ~0.17 44,88 20,49 =017 42,00
0.10¢ 24,78 =017 44,78 21,53 =017 42,01
0.113 25,98 =0417 44,65 22,61 =0.17 41,98

. { 0.117 27420 -0.17 44,46 ATy 2 -0,17 41,89
- 0.121 28,44 -0.17 44,20 24,83 ~0.17 41,75
. 0,125 29467 =0.17 41,88 25,95 “0:17 41,55
’ :: 00128 30074 "0017 43053 26093 ‘0017 41031
f.c‘_ 0,132 31,95 -0,17 43.06 28,03 ~0,17 40.%7
" 0,136 33,13 ~0,17 42,51 2912 =0.17 40,55
: :',' 0,140 34,27 -0,17 41,87 30,17 “0:17 40.05
A 0,144 35.36 -0.17 41,14 .19 ~0.17 19.48
:} 0.148 36,41 -0.17 40,36 32,14 <0.17 38.84
! 0,152 37,40 ~0.17 39.48 33,08 =0.17 38.13
0.156 18,32 ~0,17 38454 33,94 -0.17 37,35
. 0,160 .23 ~0.17 37.45 34,80 ~0.,17 36.44
L. 0,164 39,90 =0.17 34,47 39,41 =017 3564
. - 0,168 40,57 -0,17 35.29 34,05 =047 34,45
‘ ‘\: 0,172 41,10 -0 17 34,09 36496 =0.17 33,46
‘ 0.476 41,52 =017 32,85 36,98 =0.,47 32,45
" )
. [ SN
; RS
N §
. Q‘. wye
% .. ‘.:.nf.‘a
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OCCUPANY SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE HEAD NECK
(BEC)  PITCH (DEG) -- ROLL (DEG)  PITCH (DEG) -~ ROLL (DEG)
0,000 7,465 0,00 -4,03 0,00
0,004 74464 0,00 -4,04 0,00
0,008 7,457 0,00 -4,05 0,00
00013 70444 0000 '4006 0000
00016 70456 0000 '4005 0000
' 0,021 7,523 0,00 -4,00 0,00
) 0,025 7.652 0,00 ~3:90 0,00
3 0,029 7,850 0.00 ~3,74 0,00
N 0,032 84077 G400 ~3455 0,09
H 0,037 8.403 0.00 -3.27 0,00
0,04{ 8,687 0400 3400 0,00
0,045 8,939 0,00 2,70 0,00
0,049 9,149 0,00 2,39 0,00
0,053 94333 0,00 -2,05 0,00
0,057 9,523 0,00 -1,45 0,00
0,061 9,769 0,00 -1,15 0,00
0,064 10,071 0,00 0,42 0,00
0,069 10,632 0,00 0.24 0,00
0,073 11,328 0.00 1,20 0,00
0,077 12,235 0,00 2,34 0,00
0,081 13,364 0,09 369 0,00
0,085 14,712 0,00 5,24 0,00
0,039 164264 0400 5097 0,00
0,093 17,986 0,00 8.87 0,00
0,097 19,840 0400 10,91 0,00
0,101 21,794 0,00 13,07 0,00
01105 23,822 0400 15,33 0,00
0,109 25,906 0,00 17,67 0,00
0,113 24,028 0,00 20,09 0,00
0,117 30,172 0,00 22,56 0,00
0,121 Y 0,00 25,07 0,00
0,125 34,452 0,00 27,59 0,00
0,128 36,297 0,00 29,81 0,00
0,132 38,375 0,00 32,3 0,00
" 0,136 40,419 0,00 34,85 0,00
-‘l. 0,140 42,443 0,00 37435 0,00
e 0,144 MA74 0,00 19,85 0,00
U 0,148 461547 0,00 42,35 0,00
N 0,152 48,673 0,00 44,85 0,00
0,154 50,047 0,00 2,38 0,00
0,160 53,072 0,00 49.94 0,00
[ 0,164 55,345 0400 52,56 0,00 byt
: 0,148 57,771 0.00 55,23 0,00 ¥,
Ny 0,172 60,329 0,00 97497 0,00 o)
¥ 0.176 63,053 0,00 40,74 0,00 &
b z
s o
r - .
‘q:‘-\.;f-' g
et o

Y
PSS

P

'»

oY .
. c-25

)

..................... bt

o VPSR WY Yot S Wl SRR W Bt Gyt T S gn S, WRPLI AP Bo Kok tw A L A PR Y

,at LI I T U L I N e U e O W SR W
Q :-4‘:!3. Ko m s & u e A..M- -‘.\_‘\.n’:-w»« LYY r-.}- BOYREGNG o) N{ Yy




1q”

2
'5 OCCUPANT SEGKENT POSITION
ey (IN AIRCRAFT REFERENCE FRANE)
l:,ll

TINE RIGHT UPPER ARM RIGHT LOMER ARM
(SEC) X (DN} Y (I Z (1M X (IN) Y (INY 2 (IN)
0,000 10,77 =651 32,08 18,44 =6,51 24,22
0,004 10.77 ~4¢31 32,06 16444 =631 24,22
0.008 10,80 "5051 32,06 18,49 "6051 24022
0,013 10,86 =651 32,05 18,74 =431 24,21
0,016 10,94 =651 32,04 18.83 -4,51 24,20

s )

M 0,021 11,07 “6+01 32,03 18494 =631 24,19
R 002 0,025 i1.21 -6431 32,07 19,09 =6,51 24,17
'5{\ 0,029 11.38 =651 32,01 19,24 6,51 24,145
{; 0,032 11,55 =691 32,01 19.40 =6451 24,13
1@! . 0,037 11.81 «8,51 312,00 19,63 ~4.51 24.10
v 0,041 12407 -6,51 31,98 19.87 =651 24,06

0,045 12.38 -6,81 31,94 20,195 -6,51 24,01
0.049 12073 '6051 31093 20046 "6051 23095
0,053 13,41 -4,51 31,90 20,80 =451 23,88
0,097 13454 -6,51 31,85 21,18 -4,51 241

‘.. %

e '0:’.‘ 0,041 13,88 =641 3.7 21447 ~6+51 2368
-y 0.064 1427 -6, 51 KNy 209 -6/ 23,59
) 0,049 14,79 ~6,51 31469 2,23 =691 23446
; 0.073 15427 - 31446 22,63 -6,51 23,39
0,077 15,78 -6,51 31464 23,03 -4,51 2.4

0,081 16430 “6 81 31464 23:43 ~6:51 23414

0,085 16.85 -4,31 31466 23.84 =4,51 23,05

0,089 17,42 “6,8l 3170 24,26 -451 22,94

0,093 18.01 ~b431 3175 24,48 =651 22,88

0,097 18462 ~6,81 31,81 25,10 =631 22,80

0,101 19,24 -6,51 31,87 25,54 =651 22,73

0,105 1992 =6,41 30,93 25,98 =451 22,63

0.109 204461 -6.,51 .97 26,44 -6451 22,57

0,113 21,32 =651 31,99 26,92 -6,51 22,47

0,117 22,04 =651 31,98 242 =651 22,3

y 0.2 22,79 -6,51 31.92 27,93 =691 22,22

. 0,125 23094 -6,51 31,82 28,48 -4l 22404
0.128 24,20 -6,51 31,469 28,98 ~6:51 21,89

0.132 24,94 -6,91 .47 29,97 ~6451 21466

0.136 23,72 -6,51 31,20 30.19 =631 21,38

0,140 26,47 ~6,51 30,84 30,84 -4.51 21,07

0.144 27420 ~6:91 30,45 30 ~6,91 20,70

0,148 2792 -6,51 29,99 32,20 -4,31 20,29

0,152 28463 -6:01 29,44 32,92 ~651 19.84

by 0,154 29,30 =631 28,84 33,64 =651 19.34
™ 0.160 30,00 =631 28,11 .46 =651 18,73
X 0,144 30.49 -6,51 274514 35,10 6.5t 18,27
”S 0,148 31,04 ~6,51 26,72 35,84 ~6.51 17,43
;, 0172 31,49 =691 20,94 36s51 “4.51 17,02
ot 0,176 31.88 -4.51 25415 37:15 -4.54 16,40

e e e
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OCCUPANY SEGHENT POSITION
(IN AIRCRAFT REFERENCE FRAHE)

TINE RIGHT UPPER ARM RIGHT LOMER ARM '
(6EC)  PITCH (DEG) -- ROLL (DEG) PITCH (DEG) ~- ROLL (DEG)

0,000 "“0000 0,00 14,00 0.00
0,004 ~16,004 0,00 14,00 0,00
0,008 «16,015 0,00 13,99 0.00
0,013 =164025 0400 1399 0:00
0,014 16,022 0,00 14,00 0:00
04021 ~15,790 0.00 14.03 0400
0,025 -15,932 0+00 14409 0,00
0.02¢9 -15,839 0,00 14,18 0.00
0032 ‘150733 0.00 14,29 0+00
00037 "150558 0000 14046 0000
04041 ~15,348 000 1444 0:00
0.045 =13,140 0.00 14,85 0,00
0,049 ~14,848 0.00 1508 0.00
0.053 ~14,550 0,00 1533 0,00
0,057 -14,185 0.00 15,63 0,00
0,061 -3 0.0 15.98 0,00
0,064 ~13,370 0.00 14,34 0.00
0,069 -12,781 0400 16495 0,00
0,073 «12,172 0.00 17,54 0.00
0,077 ~11.471 0,00 18426 0.00
0.081 ~10,473 0.00 19404 0.00
0085 =94774 0,00 19495 0,00
0,089 "90776 0000 20,95 0,00
0,093 ~7.662 0.00 2203 0.00
0.097 ~,488 0,00 23,18 0400
00101 "50199 0.00 24036 0,00
0.105 -3,825 0,00 25455 0,00
0,109 -2,382 0.00 26,73 0,00
0.113 «0.8v2 0,00 27,86 0,00
0.117 04622 0.00 28,92 0.00
0121 2,131 0,00 29.88 0.00
0,125 31606 0,00 30.49 0400
0.128 4,842 0,00 31,27 0,00
0,132 61163 0,00 3175 0,00
0,134 7,355 0:00 32,01 0.00
0,140 8,387 0,00 32404 0.00
0,144 9.230 0,00 31,84 0.00
0.148 7,854 0.00 31,40 0.00
0,152 10,232 0.00 30472 0.00
0,156 10,334 0,00 29.77 0,00
0,160 10,140 0,00 28,38 0400
0:184 9,626 0.00 27,17 0,00
0.168 8,785 0.00 25433 0.00
0.172 7,439 0,00 23,80 0,00
0.176 64236 0,00 21,95 0.00
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE LEFT UPPER ARM LEFT LOWER ARM

(SEC) X (IN) Y (M Z(IM) X (N  Y(IM T
0,900 10,77 6417 32,06 18,66 617 2422
0,004 10,77 617 3206 18466 617 24,22
0,008 10,80 6,17 32,06 18,49 617 24,22
0.013 19.86 6,17 32,05 18,76 617 A4.21
0,018 10,94 6017 32,04 16,83 617 24020
0,021 11,07 6,17 32,03 18494 bol? 24,49
0,025 1.2 6,17 32,02 19,09 6417 24417

A

]

i 0.029 11,38 6417 32,01 19,24 67 24,15 s

A 0,032 11,55 6017 32,01 19.40 8417 24,13 o

: 0,037 11.81 6,17 32,00 19,63 687 24,10 L)
0,041 12,07 6417 31,98 19.67 617 24,06 Al

0,045 12.38 617 31,94 20,15, 817 24,01
; 0,049 12,73 6,17 3153 20446 6417 23,95
0,053 13,11 6,17 31,90 20,80 6,47 23,88
0,057 13,54 6417 31,85 21,18 617 2479
0,061 13,06 617 31479 21,47 647 23:48
0,064 14,27 6417 31474 21,79 6,17 24,59
0,049 14,79 8,17 31449 22,23 617 23,46
0,073 1527 6417 31466 22,63 6,47 25,35
0,077 13.78 617 31064 23,03 617 2324
0,081 16,30 6,17 31464 25,43 617 23,4
0,085 16,85 617 3.66 23,84 647 23,08
0,089 17,42 6,17 31,70 24,26 617 22,96
0,093 18,01 6.17 31,75 24,68 6:17 22,68
0,097 18,62 6,17 31484 20,10 6417 22,80
0,101 19.2¢ 647 31.87 25,54 617 2.7
0.105 19.92 6,17 31,93 25,98 647 22,4%
0,109 20,61 6,17 31,97 26,04 6417 22,57
0.113 21,32 6:17 31,99 26192 617 22,47
0,117 22,04 6,17 3.98 27,42 6417 22,36
0.121 22,79 6417 31,92 27,93 617 Y
0,125 PART) 617 3.82 28,48 617 22,06
0.128 24,20 6,17 31469 28,948 617 21,89

|
{

a2 i B A B N A 4 aA A e 5 RN B N e

: 032 2496 817 AT ST 607 26 e

d 0,136 25472 617 31420 30,19 617 21,38 h
0.140 26,47 6,47 30,84 30,84 617 21,07 g

” 0,144 27,20 617 30,45 .51 6417 20,70 “*t
0.148 27.%2 8617 29,98 32,20 8.17 20,29 k:,x
0,152 28463 617 2944 32,92 617 19.84 }hfﬁ

0156 29,30 6417 20,84 33006 6:17 1934
0,160 30,00 6:147 28,11 34,46 617 18,73
0,164 30.49 817 27,31 35,10 d:17 18,27
0.168 31,04 617 26,72 35.84 6.17 17,63
0,172 3149 6:17 25,94 36451 617 17,02 .
0.476 31.88 617 2515 37415 6117 16,40 hv)
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OCCUPANT SEGHENT POSITION '.'ftg;:; :
(IN AIRCRAFT REFERENCE FRAME) e
’ WORLES
TINE LEFT UPPER ARM LEFT LOWER ARN :"’;’"
¥ (S8EC)  PITCH (DEB) -- ROLL (DEG)  PITCH (DEG) -- ROLL (DEG) A
. 04000 ~16:000 0,00 14,00 0,00 5. 4::._..
» ',' 0004 ~16,004 0,00 14,00 0,00 :l 0: L
K 0,008 “164015 0,00 13,99 0,00 OGN
’ 0,013 16,025 0,00 13,99 0400 il
0,016 -164022 0,00 14,00 0,00 i
:.“ | 0,021 -15.,9%0 0,00 14403 0,00 ",f ‘i
"3 0,025 15,932 0,00 14,09 0,00
§ 0,029  -15.,839 0,00 14,18 0400 |
0,032 -18,733 0,00 ) 0,00 st
9 0,037 15,558 0,00 1446 0,00 L
o 0,044 -15,348 0,00 14,64 0,00 2l
? 0,045 -15.140 0,00 14,85 0,00 R
by 04049 ~14,848 0,00 15,08 0,00 Ny
. 4 0,053 «14,550 0,00 15,33 0,00 ,- 3
¥ 0,057  -14,185 0400 15,63 0,00 b
0061 -13.773 0,00 15,98 0400 otk
: 0060 -13.370 0,00 18,36 0400 e
0,089  -12,781 0,00 16,95 0400 ; %5
| 007 1272 0400 17,5 0,00 RSy
; 0,077  ~11.47 0400 1826 0400 b 55{”
0,081  -10,673 0,00 19,06 0400 et
o 0,085 94774 0,00 19,95 0,00 R
. 0,089 84774 0400 20,95 0400 o
o 0,093 ~7:682 0,00 22,03 0400 Ay
", 0.097 ~6,468 0.00 23,18 0.00 i»“:- ..'-
2 0,101 ~5,199 0,00 74,36 0400 Ry
N 04105 -3,82% 0400 25,55 0,00 73 ;
. 0,408 -2.382 0,00 26,73 0400 L
04113 ~0,892 0400 27,86 0400 W
- 0147 0-622 0,00 28,92 0,00 2oy
e, o
- 0,121 2,13 0,00 27,88 0400 b
- 0:125 T1606 0,00 30,49 0400 1.""'&
. 0,128 4,842 0,00 N 0400 ;\j‘-
N 04132 61163 0,00 s 0400 £l
. 0,134 74355 0,00 32,01 0,00 oy
L 0,140 8,387 0400 32,04 0400 T
N 0144 9,230 0,00 31,84 0,00 ANy
¢ 0,148 ?.§54 0,00 41,40 0400 e
ad 0,152 10,232 2400 30,72 0400 R
» 0,156 10,336 0400 29,77 0400 SO
3 04160 10.140 0,00 20,58 0400
- R 0,544 91626 0,00 27,17 0,00
_— 0,168 84785 0,00 25,59 0400
" 2 0172 71639 0,00 24,80 0400
e lﬁ 00175 60236 0000 21095 0000
,.
..': L]
S
.
‘)
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]
.' Eﬁt&‘
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5 OCCUPANT SEGNENT POSITION
2 {IN AIRCRAFT REFERENCE FRANE)

TINE RIGHT THIGH RIGHT LONER LEG

(SEC) X {IN) Y (N Z N XM YN 2 Uan
0,000 22,97 -3.87 18,%2 31465 -3.87 8459
0,004 22:97 «3.87 18,92 31465 ~3.87 8459
0,008 22,98 ~3,87 18492 31466 ~3.87 8,59
0,013 23,03 -3.87 18,92 170 -3.87 8,58
0,014 23,10 =367 16,93 31474 =387 8,58
0,021 23,22 -3.87 18,92 31.68 -3.87 8,38
0,025 23.34 -3.87 18,92 32,01 -3.87 8457
0,029 23,53 -3.,87 18,91 32,18 -1.87 8.57
0,032 23469 =387 18,89 32,35 -3.87 8457
0.0%7 23,90 -3.87 18,87 32,60 -1.87 8.57
04041 24,09 -3.87 19,84 32,84 ~3.87 8,97
0.045 24,28 «3.87 18.80 33.09 -3.87 8,57
0,049 24,46 -3:87 18476 33435 =387 8,56
0,053 24,462 -3.87 18.71 33,63 -3.87 8455
0,057 24.75 ~3.87 18.44 3 -3.87 8454
0,061 24,86 -3.687 18,61 34,19 -3.87 8,53
0,064 24,93 -3,87 18,56 34,44 -3.87 8,52
0,069 24,99 ~3.87 18,48 34,77 -3.87 8450
0,073 25,01 -3.87 18.41 35,06 -3.87 .48
0.077 25400 -3,87 18,34 3536 -3.,87 B4
00091 240% "3087 ‘8027 35065 ‘3097 8|40
0,085 24,91 -3.87 18.19 35.94 -3.87 835
0,089 24,84 -3:87 18,12 36,23 -3.87 8430
0,093 24,77 -3.87 18,06 348450 ~3.87 8,24
04097 24,08 -3.87 18,01 36477 -3.:87 B.17
0,104 24,59 -3,87 17:94 37,03 -3.87 8.1
0.105 24,51 ~3,87 17,93 3727 -3.87 8405
0.109 24,43 -3,87 17,90 3749 -3.87 8.00
0,113 4.3 -3,87 17.89 37N ~3.87 7.9%
0,117 24,30 -3,87 17.89 37,92 ~3.87 7,90
0421 24,2 ~3,87 17.89 38,12 -3,87 7,84
0,125 24,23 -3,87 17.89 38,31 ~3.87 784
0.128 24,22 -3,87 17.8% 38,49 -3.87 7482
0.132 24,22 -3,87 12,90 3848 -3.87 7,81
0,436 24,21 -3.87 12,90 38,89 -3,87 782

0,140 24,235 -3,87 17,90 39,09 -3.87 7,85 f:.:::::i
0,144 2428 -3,87 1789 INI2 -3E7 7a90 N
048 2032 <387 1786 39,55 -3.87  7.98 g
0,52 2437 -3.87 1782 39,81 -3.87  B.OF 3‘. X
0,156 2443 <387 1777 40,08 <387 823 g
0,160 24,50 -3,87 17,49 40,38 -3.87 8440 w
044 2457 -3,87 17,59 4048 -3.87 8,58 R
» 0,168 24,63 -L.87 1747 4098 -3.87 8,77 e
C 072 A6 <387 12,33 AL25 <387 .98 *}}:ﬁ

L 0176 2068 X7 1709 ALA9 <387 9,20 $¥.,J




OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE RIGHT THIGH RIGHT LOMER LEG
(BEC)  PITCH (DEG) -- ROLL (DEG)  PITCH (DEG) -~ ROLL (DEG)
0.000 ‘30911 0000 '3»84 0.00
0,004 3,794 0,00 -3.63 0,00
0.008 '30763 0000 "3091 0.00
0,013 <3724 0,00 3,78 0,00
0,014 -3,703 0,00 -375 0,00
0,021 -31698 0,00 3,73 0.00
0,025 -3, 0,00 -3,73 0,00
0,029 3,763 0,00 -3,77 0,00
] 0,032 -3,835 0,00 -3,84 0,00
; 0,037 -3,990 0,00 -4,00 0,00
00041 '40173 0000 "‘»21 0.00
; 0,045 4,363 0,00 4,53 0,00
" 0,049 ~4,542 0,00 -4,98 0,00
0,053 4,712 0400 -5,57 0,00
: 00057 '40982 0000 ‘6.32 0.00
: 0,061 ~51054 0,00 7,24 0,00
0,064 -5.184 0,00 -8,19 0,00
0,069 -5.217 0400 9,64 0,00
0,073 ~5,253 0,00 11,12 0,00
6,077 -5.121 0400 12,77 0,00
0,081 -4,873 0,00 -14,54 0,00
0,085 ~4 495 0,00 16,42 0,00
0,089 ~3.974 0,00 -18,34 0,00
0,093 ~3,313 0,00 20,34 0,00
0,097 ~24509 0,00 -22,31 0,00
0.401 -1,577 0,00 ~24,24 0,00
0,105 -0,539 0,00 26417 0,00
0,109 0,578 0,00 -28,01 0,00 :
0,113 1,747 0,00 «29,77 0,00
04117 2,938 0,00 ~31,45 0,00 o
0,121 4,122 0,00 ~33,05 0,00 v
0,125 54269 0,00 ~34,58 0,00 X
0,128 61225 0,00 -35.86 0,00 N
0,132 7:257 0,00 =37.27 0,00 L,
00136 902“ 0000 "‘38064 0000 W
0,140 9,066 0400 ~39,99 0,00 ;*.~
0,144 94776 0,00 ~41,34 0,00 |§
0,148 10,304 0,00 42,73 0,00 '
0,152 10,619 0,00 44,17 0,00 {gl
0,156 10,719 0,00 ~45,68 0,00 B
0,160 10,614 0,00 47,27 0,00 T
¥ 0,164 10,327 0,00 -48,95 0,00 P
o 0,168 9,874 0,00 -50,72 0,00 1
0,172 9,280 0,00 52,57 0,00 P
04174 8,591 0,00 54,47 0400 é
;
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAHE)

TIKE LEFT THIGH LEFT LOMER LEG

(BEC) X (IN) Y (I Z (I X (IN) Y (IN Z(IN
0,000 22,97 353 18,92 31,65 3,53 8309
0004 2,97 3,53 18492 31,65 3,53 8,59
0.008 22,98 3453 18,92 31,46 3,53 8459
0.013 23,03 353 18.92 30 3,53 8,38
0,016 23410 3,53 18.93 3176 3,53 8.58

‘\
\i.
]

TN TS TR RN R T

0,041 24409 3453 18,64 32.84 k1% ] 8437
0,045 24,28 3453 18.80 33409 353 8,57
0,049 24,44 3,53 18474 33,35 3,53 8.5
0.053 24,62 3453 18.71 3343 3,53 8,55
0,057 2075 34593 18466 33,91 3,53 8454
0,061 24,86 353 18441 .19 3,53 8,53
0,044 2493 3,53 18,54 M 353 8452
0,049 24,99 3,53 18,48 34,77 3,93 9,50
0,073 25,01 3,93 18.41 39404 3,93 8,48
0,077 25400 3,53 18.34 35,34 3,53 8,44
0,081 24,9 353 18427 35,45 3,93 8.40
0,085 24,94 353 18419 k13| 3,53 8,35
0,089 24,84 383 18,12 34,23 3,5 8,30
0,093 24,77 3,53 18,06 34,50 1,53 8,24
0.097 24,68 3,93 18,04 3877 3,53 8.17
0,101 24,59 3,53 17.94 37,03 3,53 8.1
0,105 24,51 353 17.93 37.:47 393 8405
0,109 24,43 3,53 17,90 37,49 3,53 8,00
0.113 4.3 3,53 17.89 7N 1,53 7493
0,117 24,30 3453 17.89 37,92 3,53 790
0,121 24,24 3,53 17.89 38412 3,93 7,86
0.125 24,23 3,53 17,89 38,31 3,53 7484
0.128 24,22 3,53 17,89 36,49 3,53 782
0,132 24,22 3.53 17,90 38,48 1.53 7,81
0,136 24,23 3453 17,90 38,89 3,53 7.82
0,140 24,25 353 17,90 39.09 393 7483
0.144 24,28 3,93 17,89 39,32 3,53 7490
0,148 24,32 3.53 17.86 39,55 3,53 7498
0,152 24,37 3.53 17.82 39.81 3,53 8,09
0.156 24,43 3453 1777 40,08 3,53 8423
0.160 24,50 3493 1749 40,38 3,53 040
0,154 24,57 3,93 17,39 40,48 3,53 8,98
0.148 24,63 3433 17.47 40,98 3,53 8.77
0.172 24464 3.53 17,33 41,25 3,93 8.98
0,176 24,68 KT 17,19 A1.49 3,53 9,20

0020 2822 B 1892 M40 35T 8488 e
j 0,025 2336 353 1892 3201 35 8.7
j 0,029 28,53 353 1891 3218 353 8.7 56
0,032 23.49 353 1889 31235 353 8.5 "
0,037 2890 A5 16,87 32460 35 0.5 w
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% OCCUPANT GEGHENT POSITION
U

iy (IN AIRCRAFT REFERENCE FRAHE)
‘ TINE LEFT THIGH LEFT LOMER LEG
! (S8EC)  PITCH (DEG) -~ ROLL (DEG)  PITCH (DEG) -- ROLL (DEG)
' 0,000 -3,811 0,00 -3,84 0,00
0,004 3,794 0,00 -3,83 0,00
! 0,008 -3:763 0,00 -3,081 0.00
' 0,013 3,724 0,00 -3,78 0,00
. 0,016 ~3,703 0,00 ~3,75 0,00
! 0,021 -3.498 0,00 3,73 0,00
X 0,025 -3,721 0,00 ~3,73 0,00
N 0,029 ~3,763 0,00 ~3,77 0400
ol 0,032 -3,835 0,00 -3,84 0,00
0,037 3,990 0,00 -4,00 0,00
q. 000" '40173 0000 '4021 0000
0 0,045 -4,363 0,00 -4,53 0,00
Y 0,049 w542 0,00 -4,98 000
) 04053 -4 M2 0,00 -5,57 0400
R 0,087 -4, 882 0,00 6,32 0400
J 0,081 8,054 0,00 -7\24 0,00
i 0,064 -5,186 0,00 8119 0400
{ 04049 5277 0,00 0,64 0400
4 0,073 -5,253 0,00 -11412 000
il 0,077 5,12 0,00 12,77 0,00
. 0,081 4,873 0,00 -14,54 0400
e 0,085 4,495 0,00 14,42 0,00
0,009 3,974 0,00 -18,36 0,00
R 0,093 -34313 0,00 ~20,34 0,00
ol 0,087 ~2,509 0,00 2,31 0,00
» 0,101 -1,577 0,00 -24,26 0,00
' 0»105 "00539 0000 ‘26017 0000
04109 0,578 0,00 -28,01 0,00
» 0,113 1,747 0,00 -29,77 0,00
';.' 0o121 40122 0000 "33005 00(‘0
< 0,125 5,249 0,00 34,58 0,00
0 0:128 61225 0400 -35.86 0,00
ol 00132 7;257 0.00 '37027 0000
00134 8,214 0400 -38,64 0,00
A 04140 9,086 0400 39,99 0,00
o 0,144 9,776 0,00 ~41,34 0,00
_ .‘i 04148 10,304 0,00 -42,73 0,00
0,152 10,619 0,00 TRY, 0,00
0,156 10,719 0,00 -45,48 0,00
% 0,160 10,616 0,00 47,27 0,00
2N 04164 10,327 0,00 -48,95 0,00
Y 0,168 9,874 0400 ~50,72 0,00
'n 00172 9.280 0000 '52057 0000
:” 0,174 8,591 0,00 ~54,47 0,00
'm » ’
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0,144 000  99.86  99.66 0,00 0400 0,00 N
GIE 00 M2 MA79 0,00 0,00 0,00 o
0,152 0,00 131,99 13199 0,00 0,00 0,00 !-t-
i\ 04136 0,00 159,16 15916 0,00 0,00 0,00 WA
0,160 0,00 195,43 195,43 0,00 0,00 0.00
0,164 0,00 241,21 241,21 0400 0,00 0,00 ol
. 0168 0,00 295,79 29579  0.00  0.00 0,00 e
o 04172 0.00 357,07 357,07 0,00 0400 0,00 ~3
0176 293,27 413,00 w1301 0,00 0,00 0,00 7
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FORCES BETWEEN FEET AND FLOOR

TINE RIGHT LEFT

(8EC) X Y z X Y 4
04000 0,00 0,00 0.00 0.00 0.00 0,00
04004 0400 0.00 6,57 0.00 0,00 657
0,008 2,28 0,00 16,76 -8 0,00 16474
0.013 =704 0.00 2826 <7.04 0,00 20026
0,014 ~B8% 0,00 34,62 ) 0,00 34,62
0,021 -10.00 0,00 0.9 10,00 0,00 39499
: 0,025 ~11.,45 0.00 44,63 -11.,15 0.00 44,43
‘ *ﬁ 0,029 -13,09 0,00 52,3 -13.09 0,00 52,36
P 0,032 -13,54 0,00 946 ~13.0 0.00 94,16
00037 -11.40 0.00 45,482 "“040 0000 45062

000” "8056 0000 34026 "8056 0.00 3402‘

: 04045 -7 0400 31,78 ~7+%4 0,00 3178
"‘{ 0,049 «10,25 0.00 41,00 -10,2% 0.00 41,00
Y 0,053 -13,32 0,00 33,30 -13.32 0,00 53,30

0,057 <1426 0,00 57,06 ~1426 0,00 57,06
0061 <1063 000 42855 -10.43 000 425
006  ~AS6 000 1820 ~4S6 0,00 18,24
006 000 000 000 000 0,00 0.0
OO7F 000 000 000 00 000 0.0
0,077 0,00 000 000 000 000 0.0
0081 0,00 000 00 00 0,00 0,00
0085 000 000 000 000 000 0.0
0,08 000 000 000 000  N00 0.0
093 000 000 000 0.0 000 0.0
() 087 000 000 0,00 00 000 0.0

| 001 000 000 00 0,00 000 0,00

' 005 000 000 00 00 000 0,00
009 0,00 000 000 000 000 0.0
013 0,00 000 0,00 000 0,00 0,00
017 000 00 000 000 00 00
0.121 0.00 0,00 0.00 0,00 0,00 0,00
0425 000 00 000 000 0,00 0,00
0/428 0,00 0,00 0,00 0,00 0.00 0,00
0,132 0.00 0,00 0,00 0,00 0,00 0.00
03 000 000 0.0 006 0,00 0.0
040 000 00 00 00 000 0.00



1 T B

E X
o o
i

[)

>
P

it ol

5

e Sy e

o Sl

7

~. o

TIHE
(BEC)

0:009
0,004
0.0%
0,013
0.016
0,02
0,025
0,029
0,032
0037
0,041
0,043
0,049
0,053
0,057
0,061
0,044
0,049
0,073
0:077
0,081
0,08%
0,089
0,093
04097
¢:101
04105
0 109
0,113
0.417
0121
0125
04120
0,132
0,136
0,140
LEL]
0.148
0152
0,154
0,160
0,164
0.148
0172
04176

YRR

X (N

0:00

144

2,88

4,43

9081

7,09

01

9481
10,47
11,98
1011
14,20
15:24
16:27
17,26
18,20
19,00
19.%9
20,81
21480
2236
23,08
/77
PLILY
25,03
25,60
26,13
26,43
2700
27,92
27,94
28.24
28,53
20.81
29404
JT28
943
29457
29144
2972
29478
rifvH
2976
29,78
976
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0,00
0,00
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0400
0,00
000
0400
0400
000
0.00
0,00
0400
0.00
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0400
0400
0400
0.00
0,00
0,00
0,00
0.00
000
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,0¢
0,00
0,00
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0400
0400
0400
0400
0,00
0,00
0000
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0,09
0,00
0400
0400
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0,00
0,00
0400
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0,00
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d AIRCRAFT VELDCLTY ,:’::
) ot
N TihE R
% (BEC) X (FEB) Y (FPS) 2 (FFQ) e
h ' : ! SCAE FACTOR + 0,357E10L i -
'N onHnlluunuunnunnuuu|ntunnonnnnnnuHNHHHIHIHHNHHHHHHHIHHHH|lnulnnlnnllnﬂﬂlHl e
' 0,000 30,00 0,00 0,00 ¢ T
a\ 0,004 29,85 000 000+ ] S
3 0,008 .30 000 000 4 s n]
,; 0,013 28,53 0,00 000t '
\ 0,016 27,87 0,00 000 ¢ '
) 0,021 27,01 0,00 000 ¢ 3 '
0,025 26,71 0,00 0.00 ¢ $ v
g 0,029 25,44 0,00 0,00 +  § o (5
' 0,432 24,78 0,00 0,00 4 1 s
| 0,037 WY 000 000 4 ' Ry
{ OOl 234 000 000 ¥ ' Fouvy
oy 00048 ny 000 0,00 4 ' ey
N 049 2060 000 000 ¢ ' AeSy
¥ 040853 2082 000 000 4 ' I\ 3
\ 0,087 20,03 0,00 0,00 + * )
o GIL 19,28 000 000 4 ' Ry
04064 18,40 0,00 0,00+ ' By
& 0,049 1273 0,00 0,00 ¢ (] s
.',4' 0973 16,94 0,00 pi00 ¢ '
. 0,07 16,19 0,00 0.00 4 '
j 0,081 IS0 000 0,00 '
B 0.08% 14,64 0.00 000 t ]
v 0,689 {387 0.00 0,00 + }
0 0,043 13:09 .00 0,00 ¢ 1
' 0,097 12,0 0.9 0,00 4 '
: .02 1,85 . 0,00 0,00 4 ]
¥ 04108 10:78 0,00 0,00 4 '
] 04109 10,00 0,00 000 ¢ '
_:' 0,113 97 0,00 0.00 { [}
i 0117 A 0490 000 ¢ '
M 0,121 769 0,00 0.00 4 t
5 0448 L9 000 0,00 4 ]
0,128 AN 0.00 0,00 4 %
r 0,412 54 v.00 0,00t '
1 0134 .49 0,00 000 '
0140 142 0,00 0,00 ¢ '
0,144 313 0,00 000 4 1
0,148 23 0,00 0.00 ¢ $
oA 0,152 1040 9100 000 4t
0.15¢ 0,04 0400 000 8
v 0/140 0,30 0,00 0,00 4
e 0,164 0406 0,00 000+
0,148 0,05 0,00 0,00 4
9] 01172 0,05 0.00 0.00
’{ 0,174 0,08 0,00 0,00 +
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AIRCRAFT ACCELERATION

TIHE
(8EL) b {:H] Y 116)
] " } BLALE FACTOR w 0,714E400
|.‘I‘ll.l.l.......|..|.’.‘.|Q‘..'ll'llltllllll.lll'l"l'lll'lllllll!'lll.h".!lll.ClllIQI'QOOD'Q'OOI0.‘.!00...0.0!('0!I!Ii.i..'llll

0,000 0,00 0,00 0,00 ¢
0,004 =240 0,00 0,00 L] t
00009 '4050 0.00 0.00 1§ t
0.013 '6-00 °|°° 0-00 | | .
0,014 -4:00 0,00 0,00 ] ¢
0,021 =6400 0,00 000 t t
0,025 =600 0,00 0,00 ] t
0,029 =800 0,00 0:00 ' t
0,032 ~4,00 0,00 000t +
0037 «4,00 .00 0,00 ] +
OIOM "6.00 0.00 0.00 ‘ +
0,045 =640 0,00 0,00 L] 4
0047 =6100 0:00 0,00 1 4 +
0,053 “4,00 000 0,00 ' t
0,057 ~4.00 0,00 0,00 ' +
0.061 =4.00 0000 0.00 | | t
0,064 ~6400 0,00 0,00 ] t
0,049 ~6:00 0:00 000 ' +
01073 6400 0,00 0,00 1} t
0,077 =600 0,00 0,00 t t
0,081 400 0,00 0,00 ] +
0,085 =400 0,00 0.00 ] t
04089 =400 0,00 0.00 4 +
0,093 -6:00 6,00 000 1 +
0,097 =800 0,00 0,00 t +
0,101 ~b400 0,00 0.00 ) +
04105 -6+00 0,00 000 8 +
0.109 4,00 0.00 000 ¢ +
0.113 =600 0,00 0,00 t +
¢ 17 =600 0+00 0400 ' t
. 0,121 =600 0,00 0,00 ] +
0,125 ~8,00 0.00 0.00 t +
0,128 =400 0,00 0,00 [} 1
0.132 =6.00 0.00 0,00 4 t
0,136 -4.00 0,00 0.00 s +
0140 -6,00 0,00 0400 ' t
01“4 "6000 0000 0-00 ] t
0,148 «6,00 0,00 ¢.00 L) +
' 0.152 =6,00 0,00 0,00 ] 4
- 0,156 ~5.40 0,00 0.00 L t
s 04180 ~3.00 0.00 0.00 t +
& 01168 000 000 0,00 }
\} 0.7 000 0,00 000 t
W 01174 0,00 0,00 0.0 i
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FINAL GENERALIZED COORDINATES

J ) apdJ) anpiJ)
1 5,0507D4+08 $,320204+00 -1,77720403
2 2, 14330401 =7:146250401 «1, 15140403
k 9.42790-01 2,91920400 -1, 37910402
4 1,13790401 -1,75070401 ~1,3752D4+03
5 1,03080+00 1,2691D401 -§,7898D401
[ 6,59410+00 ~4,00080400 =8,2087D402
7 1,10850400 1,1538D401 2,1560D402
8 1,02460-01 «$, 70540400 -2,4398D402
9 3,80300-01 -8,26020400 «5.42700401 ‘
| 10 2,21100-01 =2,6049D400 -1 4543402 : §
; 11 -8,8514D-04 =7, 7°580400 -1,7874Db401 %
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APPENDIX D
PROGRAM STRUCTURE

The overall organization of Program SOM~TA is 11lustrated in figure D-1. The
main program controls the overall solution procedure by calling two individual
sets of subroutines, one for the occupant segments of the program, and the other
for the seat segment of the program. Detailed descriptions of the occupant
subroutines are presented in section D.1, and the seat subroutines in section
D.2.

At the start of execution, the main program calls subroutine INPT to read input
data for the occupant model and subroutine READIN for seat input data. Subrou-
tines CONST and INITIL calculate constants and determine initial values of gen-
eralized coordinates for the occupant, and subroutine ASSBLE performs preliminary
calculations for the seat model. Then, a solution loop is entered at initial
time and passed through for each time step. During each pass through the solu-
tion loop, subroutine RKAM advances the solution for the occupant equations of
motion one time step and provides forces to be applied to the seat model by

the occupant. After the call to RKAM, if the finite element seat model is being
used, subroutine SOLVE advances the solution by the seat structural analysis

to the same point in time that has been attained by RKAM. At time intervals
selected by user input, subroutine ANSWER stores, in arrays, user-selected items
of output data. Data for post-processing plot proyrams are written on external
files 14 and 20 for the occupant and seat, respectively. Additional data are
written on unit 26, as described in section 3.4, These files must be saved if
plots are desired.

D.1 QOCCUPANT SUBROUTINE DESCRIPTIONS

The relationship among the subroutines in the occupant segment of the program
are 1llustirated in figure D-2. Individual subroutines are described below.

D.1.1 Subroutine AMATRX. Called by EQUATE; calculates elements of the inertia
matrix [A] for three-dimensional occupant model.

D.1.2 Subroutine AMATX2. Called by EQUATZ; calculates elements of inertia
matrix for two-dimensional occupant model.

D.1.3 Subroutine ANSWER. Called by MAIN; calculates accelerations AC(I, J)

of body segments in the inertial coordinate system and tranforms accelerations
to segment-fixed coordinate systems. Calculates severity indices and organizes
position, velocity, and force data for output. Writes plot data on units 14

and 26. If data filtering is requested by user input, ANSWER writes occupant
accelerations on unit 9 and seat accelerations on unit 10 for subsequent filter-
ing by subroutine OUTPT.

D.1.4 Subroutine ARCRFT. Called initially by INPT, then by POSTON; calculates
current acceleration components at aircraft floor (ACC(J), J = 1, 3) based on
input acceleration pulses. Integrates acceleration to determine velocity (in
aircraft coordinate system) and displacement (in inertial system). When time
1s greater than the input pulse duration, acceleration is set to zero, so that
velocity then remains constant.
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D.1.5 Subroutine AUXSUB. Called by RKAM (also initially by MAIN); calculates
derivatives and forms two 1 x 2N arrays of variables and derivatives:

L ,
RRRES, (S

V(1) = Q(1) DER(1) = QD(1)
R . . Sj
V(N) = Q(N) DER(N) = QD(N)
V(N+1) = QD(1) DER(N+1) = QDD(1)
: . : i
1
V(2N = QD(N) DER(2N) = QUD(N) '

where N is the number of degrees of freedom, either 12 for the two-dimensional
model or 29 for the three-dimensional model. The velocity and acceleration of
the DRI model are assigned to DER(2N+1) and DER (2N+2), respectively. If the
two-degree-of-freedom energy-absorbing seat model is used, its velocities and
accelerations are assigned to DER(2N+3) through DER(2N+6).

EQUATE is called to provide values of the derivatives (the generalized ve1oc1‘ties.@§§?g
QD(J), and accelerations QDD(J)). RKAM then integrates the two systems of first- S

order equations. R
D.1.6 Subroutine BMATRX. Called by EQUATE; calculates elements of velocity- :%Z
dependent vector {B} for three-dimensional model. h
D.1.7 Subroutine BMATX2. Called by EQUAT2; calculates elements of vector {B} N,
for two-dimensional model, \;‘
e

D.1.8 Subroutine BUCKLE. Called by FORCES; deternines position of point of i;,;
intersection between abdominal contact surface and thigh contact surfaces (proc- y
jected on X~Z plane). -
D.1.9 Subroutine CABIN. Called by INPT; computes coordinates for image of
seat in front of that beiny nodeled. These coordinates are then available for e
use by passenger plot program. ;.::
D.1.10 Subroutine CONST, <Cailed by INPT, once for each passenger; based on M
input data, calculates values of parameters that remain constant throughout E”
program execution. These constants include functions of occupant dimensions ,\3
used in the equations of motion and joint resistance paraieters. C_'.‘
CONST also writes occupant dimensions on unit 14 for plotting. S
D.1.11 Subroutine EQUATE. Called by AUXSUB for the three-dimensional occupant; -';3-‘:.-:
uses latest values of generalized coordinates and velocities to calculate terms in f.
occupant equations of motion. Solves equations of motion for accelerations QDD(J). <
D-4 &
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Cails AMATRX, BMATRX, VMATRX, RMATRX, AND QMATRX in setting up the equations
of motion and calls LINV3F for their solution,

D.1.12 Subroutine EQUAT2. Called by AUXSUB for the two-dimensional occupant;
uses latest values of generalized coordinates and velocities to calculate terms

in ?ccupant equations of motion. Solves equations of motion for accelerations
QDD(J).

Calls AMATX2, BMATX2, VMATX2, RMATX2, and QMATX2 in setting up the equations
of motion and calls LINV3F for their sclution.

D.1.13 Subroutine FOBODY. Called by FORCES if IRSYS = O for lap belt only;
checks for head/leg and chest/leg contact. If contact occurs, the force is
calculated based on an exponential function. The components of the force are
then added to the F array already computed by FORCES.

D.1.14 Subroutine FORCES, Called by QMATRX or QMATX2; calculates forces ex-
erted on occupant by restraint system, cushions, and floor. Calculates deflec-
tion of each cushion or restraint system components and passes deflection to
subroutine LDFN for computation of force.

The forces of the floor and seat cushions include frictional components whose

directions oppose the current velocity of the occupant with respect to the floor
or cushion.

The forces are placed in an array (F(I, J), 1 = 1, 11, J = 1, 3) for use in
QMATRX or QMATX2.

If the two-degree-of-freedom energy~absorbing seat model is used, the transla-
tional and rotational accelerations are calculated.

D.1.15 Subroutine IMPACT., Called by FORCES; computes point of closest proximi-
ty between each contact surface on the occupant and seat in front. DELIMP(N,J)
is the penetration of occupant surface N into the seat back in front. If
DELIMP(N,Jd) > 0 the impact velocity VELIMP(N,J) is calculated.

D.1.16 Subroutine INITIL. Called by MAIN, once for each passenger; calculates
initial values of the generalized coordinates and velocities for the occupant
and the initial deflections of the seat. INITIL first uses input values of
GAM(J) to determine the position of the body segments 1 through 7. Based on
the aircraft orientation, the occupant's weight is applied to the seat and re-
straint system, and the position of the lower torso segment ( is
determined. From the X and Z coordinates of segment 1 computéd h&re and of
the occupant's heels (from INPT) the position of the 1Pg segments is calculated.
Throughout these computations, the body is assumed to be symmetric with respect
to the aircraft (X-Z) plane.

If the seat is initially warped so that the seat back angle is changed, the
values of GAM(1), GAM(2), and GAM(3) are adjusted accordingly.

In the event that the input initial conditions impose unreasonable requirements
on occupant geometry, a diagnostic message is provided and execution is stopped.
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D.1.17 Subroutine INPT. Called by MAIN; reads occupant input data. A de-
tailed description of input is presented in chapter 2 and appendix A.

D.1.18 Subroutine JOINTS. Called by RMATRX or RMATX2; fits a cubic curve into
the transition region of the joint stopping moments.

D.1.19 Subroutine LDFN. Called by FORCES: uses linear interpolation in a
table of Torce {Y) versus deflection (X) values. A description of the param-
eters in the calling sequence follows:

X a table of the independent variable, Xy such that Xip1 2%y
(if 1I = Q) ‘

Y the table of the dependent variable, Yi = y(xi) (if Il = 0)

N the number of entries in each of the above tables; i = 1,...N

XA the independent variable, x, for which interpolation is re-~
quested

XLAST previous values of XA and YA

YLAST

ICHK index which is 0 or 1 depending on call during 1oadihg or un-
loading

XCURV point on loading curve from which unloading started

YCURV

C unloading slope, used only if IUNLD = 2.

YA the dependent variable, y = y(x), being determined

TUNLD index which is 2 if unloading slope, C, is to be used, 1 if un-
loading proceeds along basic loading function.

D.1.20 Subroutine LINV3F., Peforms matrix decomposition, matrix inversion,
linear equation solution, and determinant evaluation:

A Input/output matrix of dimensions N x N. See parametar 1JOB.

B Input/output vector of length N when IJOB = 2 or 3. On input,
B contains the right-hand side of the equation AX = B, On out-
put, the solution X replaces B. Otherwise, B is not used.

] 1J0B Input option parameter. IJOB = I implies when

1, invert matrix A. A is replaced by its inverse.

& I = 2, solve the equation AX = B, A is replaced by the LU
W decomperition of a rowwise permutation of A, where U
. is upper trianguiar and L is lower triangular with

g unit Jiagonal. The unit diagonal of L is not stored.

nn
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I =3, solve AX =B and invert matrix A. A 1is replaced by e
its inverse, o
[ = 4, compute the determinant of A. A is replaced by the .
LU decomposition of a rowwise permutation of A. :ﬁb
t
N Order of A. (input) .?:’; ,
WA
IA Row dimension of A as specified in the calling program. IA must 'SQ '
be greater than or equal to N. (input) CEA
WX
D1,D2 If D1 is non-negative on input, then D1 and D2 will be components :#iﬂ
of the determinant on output such that determinant (A) = D1*2%*D2, {kf
Nt
WKAREA Work area of lenyth at least 2*N when IJOB = 1 or 3. Work area e
of length at least N when 1JOB = 2 or 4.~ o
IER Error parameter. :If
Warning with fix = 64+N, 5
N = 1 indicates that I1JOB was less than 1 or greater than 4, PR -
IJ0B is assumed to be 4. ¥

» e -
»

=R

Terminal error = 128+N,
N = 2 indicates that matrix A is algorithmically singular.

v oy

o

D.1.21 Subroutine LUDATF. Performs L-U decomposition by the Crout algorithm
with optional accuracy test.

A Input matrix of dimension N x N containing the matrix to be de- 3
composed. J31
\J
LU Real output matrix of dimension N x N containing the L-U decom- N %;
position of a rowwise permutation of the input matrix. N
A
O
N Input scalar containing the order of the matrix A, ;23
< Ry
:ﬁ IA Input scalar containing the row dimension of matrices A and LU R& $
! in the calliny progranm,. C}“;
' IDGT Input option. X
If IDGT is greater than zero, the non-zero elements of A RO
are assumed to be correct to IDGT decimal places. LUDATF EQXQ
perferms an accuracy test to determine if the computed de- t%ﬁ?
composition is the exact decomposition of a matrix which y Y
differs from the given one by less than its uncertainty. -
ey
If IDGT is equal to zero, the accuracy test is bypassed, .\'a
A .'- \
D1 Output scalar containing one of the two components of the deter- (ﬁq{
minant., See description of paramete: D2, below. ;yhf
e D2 Output scalar containing one of the two components of the deter- oy
g minant. The determinant may be avaluated as (D1)(2%*D2). Qi:'
r gy
:tét‘!
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IPVT Output vector of length N containing the permutation indices.

EQUIL Output vector of length N containing reciprocals of the absolute
values of the largest (in absolute value) element in each row.

WA Accuracy test parameter, output only if IDGT is greater than
zero. See element documentation for details.

IER Error parameter.
Terninal error = 128+N
N = 1 indicates that matrix A is algorithmically singular.
Warning error = 32+N
N = 2 indicates that the accuracy test failed. The computed
solution may be in error bymore than can be accounted
for by the uncertainty of the data. This warning can
be produced only if IDGT is greater than 0 on input.

D.1.22 Subroutine LUELMF. Performs elimination part of solution of AX =B,
in full-storage mode

A The result, LU, computed in the subroutine LUDATF, where L is a
Tower triangular matrix with ones on the main diagonal. Y is
upper triangular. L and U are stored as a single matrix A, and
the unit diagonal of L is not stored.

B B is a vector of length N on the right-hand side of the equation
AX = B,

IPVT The permutation matrix returned from the subroutine LUDATF,
stored as an N length vector.

N Order of A and number of rows in B.

IA Number of rows in the dimension statement for A in the calling
program.

X The result X,

D.1.23 Subroutine OUTPT. Called by MAIN; writes output data, along with head-
ings, on output file. The parameter IQUT(J) from input determines whether the
output file receives data of Type J. For example, output category no. 1 is
occupant segment position information. If IOUT(1) = 1, these data go to output;
if I0UT(1) = O, they do not. Also performs filtering of acceleration data if
requested in input.

D.1.24 Subroutine PLOTT. Provides printer plots for up to three dependent,

continuous, single-valued functions (Y1, Y2, Y3) against an even-incremental
independent variable (X).
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M The number of dependent variables (1, 2, or 3).

NP The number of points to be plotted for each dependent variable.
X The independent variable.

Yl The dependent variables.

Y2

Y3

D.1.25 Subroutine POSTON. Called by QMATRX or QMATXZ2; uses equations of the
form

X X
Yy = T <y,
Z Z,

to compute absolute positions of 29 points on body (XC, YC, ZC). Computes posi-
tions of same 29 points in aircraft coordinate system (XCA, YCA, ZCA). Calcu-
lates velocities (XCDA, YCDA, ZCDA) for output.

D.1.26 Subroutine QMATRX. Called by EQUATE for three-dimensional model; calcu-
lates elements of generalized force vector ijg. Calls FORCES for computation
of external forces acting on occupant.

D.1.27 Subroutine QMATX2. Called by EQUAT2 for two-dimensional model; calcu-
lates elements of generalized force vector ;QfE' Calls FORCES for computation
of external forces acting on occupant.

D.1.28 Subroutine RKAM. Called by MAIN; solves a set of N simultaneous, first-
order, ordinary differential equations. Because of the importance of the inte-
gration scheme to the success of any dynamic analysis proyram, a detailed dis~
cugsioniof the method is provided along with the description of the FORTRAN
subroutine.

Method - The user is allowed an option of using either the Runge-Kutta classical

fourth-order method or the Adams-Moulton predictor-corrector method using the

Runge-Kutta method for starting the process.

The system of equations to be solved is:

.y-i' = fi(xn ‘yl' y2---: .YN)
i =1, 25004y N (D.l)

Yi(%) = ¥io

\.n...-h“qi._‘-.‘--.}" v .'-u..*“ ‘$<<..:‘\q \u \f ,'-r‘-- "o X J.-"‘-f_‘ o,
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Let y, be the value of y, at x = x_and f, the derivative of y, at x = X
and 148 h be the increment (step sile) of tRe independent variable x. The
classical Runge-Kutta fourth-order method uses the formulas

kyp = hfi(xne Yiq)s

A 1 1

W k12 - hfi(xn Yoyt 3 k11)’

Ko Kin = hf (x_  + Lh Yoo * L ) (D.2)
. i3 = Mi%n 7™ Yin 77 B2 ‘

™ kig = hfilxy + My yyp * Kya)s

" o
28 Vil = Y * 5 (kyp * Zkip + 2kyg + k)
{

. The normal option is to continue the integration with Adams-Moulton predictor-
= corrector formulas once enouyh back values have been generated by the Runge-
3 Kutta method.
\ é The Adams-Moulton predictor-corrector formulas for the system (D.1) are

wiPl sy e B (ssf, - 59f + 37f - 9f
1’n+1 i;n ﬂ 'ign 1.n“1 'i.n-2 19"'3) (Do3)

",

l.

C h

ié Ys,%+1 = Yin * ?ﬁ'(9f§?%+1 * lgFi,n - Sf'i.n-l * f'i.n-Z) (D.4)
!
8.a

The corrector formula (D.4) is applied only once so that only two derivative
Y evaluations are needed for each Adams-Moulton integration step. The starting

E values needed in (D.3) are obtained using the Runge-Kutta method.
ﬁﬁ The Adams-Mouliton method may be used with either a fixed step size or a vari-
S able step size. The step size to be used in the variable mode is determined
R from the difference between the predicted and corrected values. The integra-
N tion step size is thus controlled dynamically between prescribed error bounds
2 so that execution speed and accuracy can be optimized.
v Restrictions ~ An auxiliary routine must be provided for evaluation of the
= first-order derivatives. (See AUXSUB under Calling Sequence.)
; - Initial conditions for both variables and derivatives must be stored in their
= respective locations prior to entering RKAM.
N
kf Calling Sequence
” XDP = X, the independent variable
Jd
N HDP = h, the integration step size
i
e D-10
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<) VAR = N-dimensional vector of dependent variables (yl. Yoreees yn)
1 N
o DER = N-dimensional vector of derivatives (yi, yé,....ya)
.' AUXSUB = Name of the auxiliary routine that computes derivatives and
3§ stores them in DER (1) to DER(N). The main program, which
W calls RKAM, must contain an EXTERNAL statement. No items
" are allowed in the calling sequence.
.’g.'(
) N = Number of equations
!;\
O OPT = Option indicator, zero for AM, non-zero for RK only
i
3%; EU = N-dimensional vector of upper bounds from main program
- EL = N-dimensional vector of lower bounds from main program
HMAX = Absolute value of maximum allowable step size
HMIN =2 Absolute value of minimum allowable step size (HMIN > 0).
ICNT = Internal counter, set to zero initially in MAIN
TEMPS = A two-dimensional, (9,N) storage region. TEMP (1,I), I =1,
N must be set to zero initially or when restarting.
NH = Index of the equation that caused halving when step size

has been reduced.

VAR, DER, and all other locations referred to in both the main program and the
auxiliary subroutine must be assigned in COMMON statements. (If the step size
were to be changed outside of RKAM, the restart flag, ICNT, should be set to
zero.) This restriction does not apply in the "RK only" mode. HMAX, HMIN,

N EU, and EL are also irrelevant in this mode.
4:12 Functional Description - The subroutine employs the fourth-order Adams-Moulton
ﬁ:ﬁ predictor-corrector method using the classical fourth-order Runge-Kutta method
X to obtain starting values.
'ﬁé AM has the following advantages with respect to RK:
.\'.*"
iyﬁ 1. Only half as many derivative evaluations per integration step are
%ﬁ required to attain the same order of accuracy.
‘ 2. The local truncation error may be estimated at the conclusion of each
integration step thereby providing a means for step size control.
b N For each variable, the local truncation error is approximately one-fourteenth
% \ the difference between the predicted and corrected values, that is
‘uf;':u
N L ] () p) ;
e & =T7|¥i - Y (0.5) &
A \ \"u‘
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In RKAM, the differences D, = | ygc) - yiPV ] are formed and compared with
positive numbers EU; and el Tflo, 2 Ed, for any 1, the step size is halved
provided [h/2| T 2HMIN. If D < EL, For a1l i and for three successive steps,
the step size is doubled provided'|2h| <HMAX. (Note that h may be held fixed
either by setting HMIN = HMAX or by making EU; and EL, prohibitively large and
small, respectively.) If halving is called for durind the first AM step follow-
ing the three initial RK steps, the step size is halved, the independent vari-
able is set back to its initial value, and the three RK steps are repeated.
This will continue until the first AM step is successfully taken. From this
point on, halviny is effected by interpolation of past data whereas doubling
is accomplished by alternate selection of past data.

In selecting EU and EL, one should note the following:

1. The test is an absolute test. To control relative error EU, and EL
should be computed as functions of Yy prior to each 1ntegralion step.

2. Although the local truncation error in y, is not allowed to exceed
EU;, this does not imply that the cumulalive error will not exceed

EU;. Therefore, EU;, and EL, should depend upon the maximum allowable
cumuiative error and the number of integration steps.

3. Sgnce doubling h will multiply the truncation error by a factor of
2°, EL, should be chosen less than EUi/32 if the advantages of doubl-
ing aré not to be short-lived.

D.1.29 Subroutine RMATRX. Called by EQUATE for three-dimensional model; cal-
culates elements of joint resistance vector {R . Input parameter IMAN deter-
mines whether human (IMAN = 0) or dummy (IMAN = 1) model is used.

D.1.30 Subroutine RMATX2. Called by EQUAT2 for two-dimensional model; calcu-
lates elements of joint resistance vector {R}.

D.1.31 Subroutine SEATIN. Called by INPT if NSEAT = 0; reads input data re-
quired for riyid seat model and energy-absorbing option.

D.1.32 Subroutine VMATRX. Called by EQUATE for three~dimensional model; cal-
culates elements of force vector {Fp} derived from system potential energy.

D.1.33 Subroutine VMATX2. Called by EQUAT2 for two-dimensional model; calcu-
lates elements of force vector {Fp} derived from system potential energy.

D.2 SEAT SUBROUTINE DESCRIPTIONS

The relationships amony the subroutines in the seat segment of the program are
illustrated in figure D-3. Individual subroutines are described below.

D.2.1 Subroutine ASSBLE. Called by MAIN; initializes the element data storage.
The mass matrix and the initial transformations B for the nodal coordinate
systems are assenbled, and the initial values of‘%hg pointing vectors n,n ,

and £ and the normal components of the rigid links A are generated.

D.2.2 Subroutine ASSMBL. Called by PLSTF and BMSTF; assembles the master
stiffness matrix in a banded svametric form. This subroutine calls subroutine

D-12
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